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AUDREY D. GODDARD.Ph.O. 



110 Congo St. 

h mr San Francisco, CA, 94131 

Genantech, Inc. i?S 841 9154 

goddarda@scne.com 

PROFESSION AU EXPERIENCE ^.present 
Gftnentech, Inc. 

South San Francisco, CA . - 

%SSon%gn OS< / C oncology pro** research 

S of c^^^SSJiJS ftr «« decent - 
. TfansJaflbwri research usrng cbrueai s P 

diagnostics ReV( - sw C omm«tee, Drastic Over S ,ght Team, 21 CPK 

. Member of De^/opmenf Saence fiw-w 
Part 7 j Subtesi? 

,nterests: , • nitons of expend wrth cKnfcaf spec/msns and date 



1996 - 2001 San,o ; n S ;ra n b o2torv. Molecular Biology Department, Research 
Head of the DNA Sequencing Laboratory, 

Responsibilities: . -including postdoctoral fe/tow. assodete 

. senom/c .wnuence ana/ya(S ana 3 

, DNA sBCjuence and penary an B /y«s 

? Chromosomal toca/teation ^ novel genes . ,„ e oncogenic process 

. /den^cat/on and «*^«{." 2££ col^ng '0 inflammatory d/seasas 

. ^cat/on and charac < gnomic DNA seccenc* ana/ys, 5 

. Desion and dRve/opmsnf of scnemes iw y 

.SandLegene predion and e va/uaf»nn 
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1993 - 1998 Scientist w Depar tment, Research 

Head of the DNA Sequencing Laboratory, mo 

As J3f respons/M/ty for a P^^^mSl^ * ddWonal ^ °'' e T 

^^^^^^^ 

. Development of signal peptide * e '"" 
. Growfh hormone receptor genfi arvr- a 

1089-1992 

Imperial Cancer Research ^ 
London, UK with Or. EUen Solomon 

6,89 -12,92 PoeWoctoral.Fellow ^ ^ prnmyelocyVl c leukemia 



f^S^S, inC57BV6J «, DBA 



1983 



EDUCATION 

^henotyplc and genntypic effects « mutations In 
the human retinoblastoma gens. 
Supervisor; Dr. R. A. Phillips 

TX^metaboiism of the cytocjrome P-448 
inducer p-naphthoflavone In C57BL/6J m«. 
Supervisor: Dr. G. D. SweRney 



University of Toronto 
Toronto, Ontario, Canada. 
Department of Medical 
Biophysics. 

McMaster University. 
Hamilton. Ontario. Canada. 
Department of Biochemistry 



1989 



1983 



01/27/2003 13^21FAXJ50_324_0638 



HELLER EHRMAN MID#5 



10004 



ACADEMIC AWARDS 



tCAOEWli; MWHiw- 

• , r „ Reeearcn Fund Postdoctoral Fellowsh.p 

^x^^r (Hons - Bioch6m0 

ShS5 Lvman Hooker Schnlarsh.p 
w^^ Fou^tlationSct1o,:, ' 



ig89-l992 
1983-1988 
1983 
1983 

1981-1983 
1981-1982 
1980-1981 
1979-1980 



INVITED PRESENTATIONS ^ ntiflc8 tion cloning and 

characterization of novel gejee. r-unc 

Park, AZ. USA. October ,2000 raHfl rization of novel genes. G2K:Ba<*to 

H,h throughput ^ FL, USA. N*«y 

Science, Advances In Genome oiokw 



Science, Auvcan, — 

2000 n „. The use nf Phred end Phrap. Bay Area Sequencing 

Qua „ty control in DMA Sevang. TM n« J 

Users Meeting, Berkeley, <-A, USA. Apm _ ^ ,_ 4 __ oVir , na , Genome 



Quality control in ui-*p| * _ 1999 

Users Meeting, Berkeley, ca, USA. Apn. lntemB ti 0 nal Genome 

H.hthroughputsec^ 

Securing and Ana ys, 9"'^ _ perspectiVR . Bay Arer -~ — - 



Hightnrougnpuva^-— r Miami, FUUbA-o^ici...^ 

Sequencing and Ana.ys, Conference, ,» ^ U6ers 

The evolution of DMA sequwajH,: The Genentecn p 

Meeting, Berkeley. CA. USA. May 1 098 in lH(ftnat|VlC Snorf 



The evoiuuon ui - — i — ioqr 

Meeting, Berkeley. CA. USA. May 1998 |n ^ Shorf 

Francisco, CA, USA. October. 1996 non .GH-detlclenT 

G,^ iwtnont W«*»&2SSr* — - ^ 

snort stature- A m0, ^S* aS 'V° u ; A j U ne 1994 

Endocrine Society, Anaheim, CA, USA. o ^ ^ ^ , n 

A previous uncheracte^d ^'^^Si^ for Comparative Research on 



01/27/2003 13 = 21 FAI 650 324 0 6 38_^___HE!±iSXHIlKAN HB#5 «» 05 

, „ taw «- « * hOTO '° 0, " ! P °' yPeP " de ' Pa ' eM 

patent- July 2. 2002. T,. maS n WoodWI. Nucleic acid 

Jan. 25. 2002. Lilian jy uwrence DA. Levine AJ. 

p -*^*"*„ i . d(prt A--«-.K. T,e^«™<W"*«» Paten. 

Date of Patent: Feb. 19. ;002. Treatment of partial growth 

A «ie KM, Carson ^"T^SM^ °* ° ( ^ ^ 2? ' 

hormone insensitivity syndrome. Patent uum 

2001 • „. a Hillan K and Williams PM. Nudric 

acids encoH.ngNL-3. Patent im raiment of partial growth hormone 

Insensi.iv.ty syndrome. raw* « . . Treatment o( partial growth hormone 
Atl ,e K. LMS. OjM**! J« *«- ^JSSnt j£ e. «9T 

insensitivity syndrome. Patent Numoer. 
Multiple additional provi 3 ional applications filed 
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PUBLICATIONS ^ ^ ^p^tive sequence analyst of 

S es,asayee 0. ^ 0 ^'^mo^ in preparation. 

Arjgarwal S, »«. w-n, fd ^ and G L,mey au. 

^■^.■^tr r-'.^'" 

17 receptor homolog IL-17KM . W| Qodrfar d AD ana 

« Ho W-H Foster J, Zhang Z. Sanson J^wo h ^ 

^1335-31339. . eMhll ee (2000) Rapid mapping of 

~ ~ - - sc ' USA 97 

w Wl, Wan 9 L-C. «,S^^i^SS^ - — 

VM. (2000) Two-ammo acid ™ le ^* 290; 623 -527. 

binding to two distinct raptors. Snenc » » ^ QG (2000) 

se n, PD Tai JTN. Hillan KJ, Brown LA. ^'J*^ p^notype in carf*c growth. 
SftSon ol CDNA ^^^SZ^V. ,990-1999. 
developmant, and response to mpy. Crcuieno ^ ^ ( 

1 S. *u* J, Terao** H. «;^T^X^ quires BMP. FG«. and 
Development of ^drenergr neurons .nm ^ 

Sfe nomeodomain proton Qurney A Phillips H S. Brush, J, Go*** 

Stone D. Murone, M. Luoh. 3^W.^n«^ ^ ^ gp P -sor of 

r:, HQlC nrn b ,,e^ 
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Audrey D. Ooddard, Ph.D. . • • f»9« .« 



recruitment domam-contalmngproap p Baldwin DT, Gray AM, Dowd P. 

n« .m b Lew M, Watenabe C, Conen «v are me mDer£ or ™* 

Deuoi Di u« w 1 • u nTctQ in D and tevine AJ, (iw«»J vv ' or « . transformed cells and 

aberrantly expressed ,n human colon wmo 

1*722. - k, r-„HHArd A WOOdWI. GurneyAd. 

■rffcfcnt ™ute to h«w MP*** '3 G - ™ ; i A (1S96) 

identification of a ligand for tne oeau.-u 
^TLoneM.Luo^ 

Goddard A. Rosen ;^ a A sfl fX^noma. Nature. 391(6682): 90-92. 

mutations in sporad-c basal-cell ca o ^ ^ ^ ^ 

Mersters SA, Sheridan JP Pit! ^^^(f^fn^ receptor for Apo2L/TRA,L 

Goddard AD, God^P 7(12): 1003-1006. 

contains a truncated death domain. Rosenthal A. (1997) 

Hy „. s M, Sune DM. - J^^^t SStf 

Control of cell pattern in the neural djdo oy me 

(5327): 818-821. 
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, utnh . R Hooxwood N. Kaplan S, 

tumour-suppressor gene p«i • 

•B4J6G06V 129-34. r , Godda rd AD. Bauer KD and 

located at 47.8 mm on me e 65g _ 65 

g ,u C o 6 idase.M/crob ( n/ng/142. 1659 B* ^ ^^ec^ 

Waxman J. Ed- Cambridge University Press, c 

Takahashi M. Vandlen K, rwnu 

^plo, f=- GOW. N»» »»* «« 3 . ■ te genes e „„ ai , 9 ««M 

KM- BD. O. A.^R«^^ : 71 „ 6 .711 3 . 

p rol ai ns .id receptor*. I*" *»■ T53i SP Sl>tkta ,d A, Hen** 

». SS-SU — Genome 

Cloning o( the munne nomolog oi 
6: 732-737. 



01 
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kuq SS Moran P, Gnpp Ji " M f Batk a prf-idominentiy Drain 

tyrosine kinase ratated to C*. _ w PJ . (19W Rse. o novel 

Kingston J. kt-pcH Deteeaon of PMUWRA 

Suppi3: ^^niofti (1992) 



tgsea io l! w ,w — 

8 uppi3:ni7»-il93. Phillip^ and Gallia BL (1992) 

Zhu X, Dunn ^^^AJSS^- °* ^"j 

Mecnanttn* of to* of heter^g V a , nked ^ seascale l^r). 
Foul** W, Goddard A. and Petel K. (1991) 8a 

British M©Cf. J. 302" 409. _. ...^nfanme 



British Meef. J. 302- 409. characterization of a novel nnc 

G odd.,d AO, BO,** «^£SS»S^ S— 

finger gone disrupted by the > 

137A. ■-" : - Mnr9r 



finger gen© uibi up«-» ~/ - - 

254: 1153-1160. . - . — .^.-.^^ tfi 



^OlUIUWU 

GWOmM ^0 „„n Solomon E- (1«0) «-* , ,?"SSi S?1«7T- 

1580. 
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j j An <;haer D Solomon £ and 

Pih\ajan.emi T. (19W ™ v -hromosome. containing the «P°" * 
region of the region of the * cr 

Gener. 46: 1024-1033 . 0 Zhu X and Phillips RA. 

G.» BL, SQ*. *. W — • * ^ 

M990) Mechanisms of oncogenes* ^ Hortt ^mK. B. 

(1080) Use of thfi RB1 CUP ^ 

Generics 37: 1 17-126. A and Ga |, ia BL. (1989 

2hu X P. Oonn JML W ^ ^S^^ ^ *" 

GerTT»Une. but not somduu, 

allele Nature 340: 312-314. . , den Wca*on of rnutafcona 

r «ddard A, Becker A and PnUHf* ; Qen « v^pn and. 

Gallle BL Dunn JM, Goddara m, p eC ujafBjrig^£lIl^ 88. 

rpTatigorsky.T.Shinoharaanar-. 

to the retinoblastoma locos on chromos JM 

555-557. ~ — «. . MQfl ~ Radiation sensitivity of fibroblasts 

Research 152: 31-38. 
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SEARCH/ 



AMPuncATioM aho omcnoM OF 



*J0W« ' J : - • 

^rtfon ™ CKJ h dcteCt ed ^tbout op««- 
^equeacas on >oe : enhancement . wWuJul mv 



(EtBri to a r^*^ "; scn ce of double- 
jjlBr Increases in tne If j flu pre* 

Lace in such * *C*£^ b . easily mow- 
* -iplification, .^^ramplificatlon can 

^^™ M J ^*££3 In order to 
Kg continuously m ^T£ tv w adulter 
frSlOTr its progress, ^"^"^ces 
ieouely amplify sp^ftc WAWJ^ 
kdaamcttheprodu *p C K and 

|may facilitate i« ^^ Unic or ;« oib« 
|wide,p^ ^Xh ^ple through- 
fntuations requiring lugn 



l carnr° ver ' 

DrM wink place ^ UIC "£T ^ different process" mm 
t^onvesseLA^^J^^ reialoA component 
S» without ^ »« d J? *S»-. No trulf homoge- 
° — teen term** ^^K^tedcod^d*^ 
, FCK assay b» .tcer '*^S» ap3 rwI. Chrb«b ( « 
O ro«i«« to*"* 1 Jurt Te^oion jchonc tump 



which the «**"^2Se ihbcW ofigwM d«- 

S Vetovcdcvclapef »™y^ d 6 upon chc greatly »■ 
^ TGR Pr°^ C ^°:^ ^omidc and edge 
creased fi? or « ccncc ^t ^ they arc hound to da- 



'UNA 1 * 



v. • 



ical w ,JSr ^v«» though h u 

. %_ four y«= a ' s . eu J c LtrS^wn S foV* d"J 
^tnaoe «» ^f.So^on of pre- «J 

:cpraarr htjh ^ pos iuvc tesuta from 

PGR procaine 6 «Two poiDis arc re^ 

: form of , d "^ e ^ P^^Lmer tht 

SNA 5«queo« was. prww ^ooncrw" vrt* o« 
iindude UNA hybndaauoo , 5«i «• HpLc*. or capillary 

, throughput. anA «« ptoce.dttg. 
lint u alto closely related w • « downttreil m 
he tuning or. ^ ?C ^P T ^ a m P Ufi^ 1> WA ^ 
^ ihrougb the typing lab. r^uum* 




m 1 



ai i 



ca t 



413 
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n 1/16 1/8 



expectsd 
pruduct 

_ 'primal 
dims.* 



A. 



PCS^c conoid 

U V photography of FCR conuta^^^' ,*°vDNA 
fran(A). 



414 



t.gtos with prune* ^^^T^amoum of 

also cypicalty P?"*^" Mro w2ll nmoancs »NA w 
on fn^pa^crvfrom «g§J* ^» reagent 
micrograms p<* t»j" *f inff«uin S fluor^efii", are 

**t lw* ri&u^ftr^cd^^A(by 
DN A primers naf " tne °~ otarVed bu« of ^ y 

d Q «bi e -helbO. Alter the ^^^^ter a PC«- « 
completed, lb* ^f^jCRpwSw «/ *P » 

several micro grama. For ?.^-,^ ioa=a3C 1» 
additional dsnNA. ^^tafc "»"SfJ? 
etnee. There is »1» *S? t £«Si Bg of»Br»^» ,A 



1 before and after, or 
ding. 

TCK. in *e pie«u» a «f W* r : » r ^ hlUa a« HI A 

coaeenfiadoM from W» to S.« Jr* lu deic aid* foUovmg 
gddectropbor^^l iiStaa ^ m roe yield 
electrophoresis nmsated UrUeo whether 

Idir « a result of *"E 5 ° E^t P»»« c 

^ P cific to re pc« ^%ffi S l^c«uio«d eUber 
Y^hroBiosarM*'- ™»f ~ mlJc bo»«n or no DNA. 
60 nfl t*Oe. AO « ^^Cffa for each DN*. Alter 0, 
RveV«ce ?CJU r"*^^^. a PGR for «ch 

I>NA wa, removed fro* ™ and ^ 

re ,eenc« maiiured ^ *5^« B . 3A) . The shape cf chu 

curve reflect, the face . ul£te;ise ^ DNA -> 

fluoraccnc he ^ cycle number. 

as shown, the ^"^"^^cfor the enmwn- 
over the ^ n tTX ^ift^ady Inacav; 
mghunun male DNA, buca^ * naifte d (! «Cl£r ao 

for ceead« control m0 re n,^ !«rJA 

^oT^t SflWA ^ too, pU« . *. 

1« ftdditiaa. th? toere,u f,^Lr unopened ?C*i oo a U v . 
fihe^ This u, ^owa ux fi "rt no DHA. 



msta 



no 
ON* 



tturioildcof on. P^l^L^^njior^-iaci thus g, 

divert DNA» >«r. tyjji TO^di a Iww^P* 
!SdT w e P-Jfl^^^^rt torn a **r*«y6«£. 

DNA vj £a£il fL ' ■ 
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the. 
llA 
i at 
cca- 

add 
icai- : 



OCT" 

: 3 of; 

Ti=n 
mw 
uhcr 
>NA> 
er 0 

f<h3 

tA ^ 

-fold; 

rr 

CC*C,1 

fUw . 

c CJ^ 
liniag 



..piicnswhed « ^ thii mo-ewe io fi^c^xn^ 
-HowrO <^£Hf nearly ■ 

to return i« 7*„! 7. jurh an arranc ca^' 
q u0 rcj«n« readout "^i.^on of Y-chTc«io- 

■IS* ^^TVh, "&m a control PCR 
^ oomtorcd for ewh. n Qf ^ dearly 

& y tu«s and falls m*«**r «^ ^a^wrsdon tep- 
; 0( opanture (50 CV In ™* £3» do not dunge sijmfi- 



t 




1 








t 




*• 



' Homo2ygoDS 
AA 



Heterozygous 

AS 



Homozygous 

ss 



using ;£USr wax uru -^r ^ # pair ox ^;r" h X 

allclc-apecillc prujf £, t %,tX**7*r h ^ ^ ?5J2 
, w a c oekle allege, „t jjietd they cannai 

was done in onp"« w \* r* 



a red 

s Ail 

rlotU 




of tJjfg 



<o increase wi£» urnc, "^T** ' ^ A . fluo- 

.tele DNA ooiicauanj; astnple ana a 
■jynfliesil for tie '""P 1 *' 

Dovmsrream procc»a ««K ^ ^°™^ d „ of D MA 

,0wcjLon by TCR. Tn= "~T this homog «a«oui assay 
Lima* that the «P«=*o9LS|. T ih^2i of «ctle-ceH 
Spends solely oa of PCR. » ■ u»« ' « „ffia«nt UNA 
y««M. «« have sHwn dw P ^^ b !~ a «nW Uiing 
f sequence specificity co pcmiP ««*J2e is n 011 - 

.speciM pTOduL-tioa of dsDNA in we n« 
;jpprispriite target aDelC. Da ihoe«ns ^ 

' . TKa s -p«o*cliy required to dexcct i*o| . 

"tit ainouat of odber UNA mat jm» d^cecdoo 




Uicwing, «hieb » P« fonla ^ n ^ ? c Sn iequirc. 



so ng o* ^g*££JS£ Thirty cycle of 

PCR were foBowrf fc. r ^^^d cutenllon). No« m 



C i 

3 



41S 



*0M 001 6^6 W W.ST IOW/S0/IT 
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Hi- 



w V a .ample ^ - ^MS—SS 



-.«„ ntS -te order » Mwe 1 _r 




^gt>« other pnmer ^^P octco^n p""^^ 
5ytld S « .u£« that P^^^StS'^ 

promises «P«*£ ajj.Kiy possible ««h ^Cjres- 



it www.- — t> n -ft nf dvflfl wno>c uuu- ^ 



YM L^A^« ol0C y dl " s ? TV, number of 



Uvc Mid f&« , na ^ e T o^dvc ^uld cxhibu dct=«££ 

ase, nay ° c UW T% . L„ r i,„ r This nwrlu» resuj^ "i 

fluoresce ^jS/Savn* *-« a «• 

clea^naiLy more tr***» 

416 S c/na^ou^ va* 



?TC , ^^pSS< i " i i°. '"^.fi *!iv" aBh r^ 

ho * 6,y Cr tor 1 ni- ^ ES ' CftI 1 *C SSUaf^ ^ 



: 12- c 



I U, I 



men top of » ^lLTiflFe<«v=!y «f ^wfwoe Jh'^ 

dki PCR woe and ^V^ooa light. ''S'Xrof V-*^ 
from room ^^'^l - K « — -gSS^SA.- ^ e F 

rtdl rati. Th0 ^quencel » dcS 5sf?£V rte"*^. 



,j 7n:eT Tnnr/<?ft/3T 
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^,«S'e «ptfo«io» ™A writ » CWTOOSuU. UNA »dr<"«« 



re 



19 3, ( «^ of ^jffsatft.sr'^js^&a 

utaUr the « wj uSAgfl-72^-72£0. 



se«cl6Vi6e. ^ Md reenter, j. \?or. a* impiwtd 

'^/''HTSf jSftSTSSS. N JESS* SdLUM- «:*5 
on ibc jA»liu»cntK chain «*^^ J*7?££<i-iftnf;. 



" nudeic l6ds. 
^_ 



Mature SW£9S-Wi- ^ .g ga ^^puncailoo df» 

n^ji w«n low and zero uvftxluikoi ►"^••T'""?*. 



Holland, 



84 



Uiiwl 



monocJMfli ancluoaici *u cell jwI»«k J- ^ 



IMMUMO BIOLOGICAL LABORATORIES 



sCD-14 ELISA 

Trauma, Shock and Sepsi 



to 



^Tna co-u molecule is expressed on the surface of 
" monocytes and seme macnophagea. M*mbrane- : 
^bound CO-14 Is a receptor for llpopolysaccfiaride 
'•■(LPS) compiexed to LPS-einding-Protcin (L6P). The 
- conrPHMtion of its soluble form is ^iter^d .under. . ' ■ ^ 
( certain pathological conditions There Is evidencs-for 
; i an important roie of sCD-^ with polytrauma seoeie, 

burnings and inflammations, 
i* Ounng esplic cor.dltlone and acute Infections it secrfls ; v ^ 

be a prognostic marker nnd is therefore of value p . • . . s , 
■ v. monitoring these patients. 

For more Information call Qf ^ 



lP L offers an BJ3A for quantitafrvo datonrtnaaon of 
sqluble CD-14 in human senjm, -pmsma. c«ll-caiture 
-aupernotajits and other biologic! fluids. 
-Assay Toatures: 1?.* 6 dotcrminationn 
(miofobtersrtripc}, 
i procoaiftd wttn a specific 

monoclonal antibody, 
2x1 hour incubation, 
standard range: 3- 96 no/ml 
detection limit 1 ng/rnl 
CV:lntra^ and intarassay < 8% 



S 4 ^ 



R*lERSTRXSSE86-D.?0l)0MAMBUna20-OERMANY-TBL *"££££ ow „ M 

205 Oft Heady SerNj^B.Carfl 



BH 

11 93 



a aft 



■ : - ii 
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PHONE No. : ?1B 472 09B5 



Fran : BML 




Dec. 05 2002 12:14m P33 
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:rvicp 

•iuV. 
»rti\a- I 

HW/I- . 

< 

K in ( 

/ 

'kop. i 

CtftJ* * 
ftlHlS 

IrrJ. 
Jon* 

tout 

On 1 ' 

oul. 
;t\o* 
ipln 

"TV!. 

97. 
rkc, 
l*r- 

■( ru- 
in) 

oil 

«u< 

m<J 
Uo 

(ic 
■Of. 



y and Nucleic Acid Hybridization 



on 
iP- 



accumulation of iptdn< PCR i"**"* 
b* hybflrflxoUon nod dcwv»9« °* * 
double-labeled fluoft>$;«nlC P robe 
during tha .unplifltdtton racoon. 
The prat* U an oUgotttt«l~tlda with 
tw*h A raportor fluow<*»* dv* * 
quencher dye arched- An 
In reporw fluorescence Intensity 1"' 
dkatoi ttu t tha probe h« Hyt»rldli€<« 
to th* target product 
i been cleaved by S' 

olytk actWUy of Taq &MA puijincr«*c« 
in this «tudy, probci with the 
. <iU«M«h<ir dy« ^Hachad tn nn Internal 
mieJtrtlda wortr compared «*tti 
urob™ -Ilh the qMenehtr d>* 
inched to the 3-end nucleotide. In a» 
1 catci, the reporter dye was attached 
. to tha S' end. All Intact probec 
taowad quencWnj, of the repflrtar 
* fluortjK«rce. In ginerfll, probes with 
, th€ quencher dye attached to the 3 • 
4f »di nucleotide «¥hlblTfcti a larger sIq- 
' rial !« the r ouclaaie «*«y than 
the Ul*rn«.Hy labeled praba*- It J* 
prai>0*«d that lU* Urg«r ■* 
. earned by Increased HhcUh^J «l 
deavft«e by r«« dna polymeraic 
wh«n the pcoho I* hybridized to □ 
template > tr.na i during f 
with the guendier dye attached I l« 
^ a-.«nd nuclide a'so «thIbH«d 
• n U*r*«* l« ^porU*- fluorweenca 
|„l««.Ut -h.n hrUrhllaad to a *o«- 
, plemcnUrr *lr- rt d. Tl,-*. aH 0 ^--'*- 
orldes wlOi reports ^^cher 
, dy«t attached at oppo*U* «nd* can 
be u*«d h«mtoaj.neo«i hybrlrfl*-- 



Ll,^ u.iMK.uibtloii Of yptcllic r<:K p^- 
th.t un« a <36ubUMauetcd rtuoTCj- 

tLc «ay.wploitr Ihc S' - V -lud*. 
oiyuc acilvlty «f 7'^ ONA V oly- 
^ a«»d l» t"3»*r4tw*:d In W««n« «. 
Thciluortaajeniu- |j«jhKtWiSiteW 0^" 
Mrtuilootiaa wilb u wpyrtw fluorciceni 
Oyr 'siuUi « ■ iiuwrvacu-lu, att^d to 
Hie V cdU; and « tiuciuhcr dye, sveh 05 o 
rhodfiminc. aiiacrwd Incemaliy. When 
Uie «uor«coin is excited Uy irradiation, 
Us flviwTwccnt emission will he 
quenched ii die jl.mWUne b ditn* 
onou«.b to be cxclicd through ih* p/<- 
c«s ol anore-icciia- vna«y transit 

(ten ^ P rjl . 11 P ccl>c li ^ 
bridled to a IcmpiaU u.end. T« ? ONA 
polymeric v-iU cleave die probe b«- 
cause Of US inherent 5' — 3' nuclculytlc 
activity. If tiic dtiavnjjc occur* between 
0\c fluorescein »«>d rhcdamine dyo*, it 
CIU50 «n io<icw Siri fluwiodwm flvora*- 
ctinoi InimMty bceauae Ihc fluor*m*.o 
U uo lonun ciomchcd. The Uwicb« in 
floueom-ln fluorescence inteiuuy ln0»- 
„i« i Iml Uie nrobcspcdilc iT-R ptoduOl 
h«a W. ^-m-'-UHl. TUm« ( PfiT bal^an a 
icjHKtci Oye and e ijuawhti dye Is ««- 
cal U^c )>crformaiKC nf Hit Iw 

on the P»«y-W» ul ^ w 

dyo w Bccau^ ol thla, Jl baun «>■ 
Jtmcd liiov ihc quendier dye «_u>l U 
^Ucl.fcd neai ihe 5' end. ScninaiusW. 
Wc f^ad IHU attA<&l*a • rho- 



KiKMtuy- Vurihrrmorc, Ravage of Oils 
lv pc o/ rn>b« « «<« icquifod tfi acrnevc 
3a mc paction In c|UtACWaft.PJi B onu- 
clcoudcs with a Tcp«\« dye on th* S 
nnd and a quwichcr dyr. on ihc 3' ^d 
whihii o mucn uigtier reporter fluorcv 
cvw.v whan dout5ie-ilfanti£(i iU com- 
pared with tingla-rtrtadca. mi* ^Q^W 
inaice n powiWc w use ini> rypc of dou- 
UfUtaeleA nrotic tor TUJinoBcncous de- 
tection nt nucleic acid iiyhndttanon. 

* MaxePJAl3 AMO METHOD5 

OHgonucfeottdaf 

Tiblc i shows ihl- nucieoddo joqueijca 
Oi IH« ollKonuclcotldcJ »"cd In mb 
fltidy. UJilcer ann nucieotldt (IAN) 
phoiobot-rniditc was ohramed fJOUl 
tikft Rcwaich. Tlvr tUncfcird DNA phov 
phomnulittrs. 6-carboxyfluorcsciilri <^ 
PAM) phospflonmidttc. <\-cnrboxy«t- 
Mmethylrhodanunc iucauimuJyl esicr 
(TAM&A MH5 rttct), and TOOSpttaHrVK 
for arching * a'-blecWng prmipnaic, 
wr ™ owaiocd iiom VarU»n-Blm«. Ap- 
piled mo?yi«m> Uiv!M«n. oiigooucle- 
otide synthesis pccfon-ncd using an 
AB1 modal J94nNA sjmmcaW V\pp«cd 
Dlw*wm*>. Wmei ana comptemwic 
t^iudenodes were purlficfl wing 
OH£U ruiifl«iio" 0*rtrldxtf> (ApplU« 

l.-«!4iWd tl - 5' -.0, 1 AN r^|«Uu« 
om: «r »H-r» In the •aquenca, and i bo&- 
ph.imk at ihc 3' end, PalWwuig J ^ 
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torchHM 




Poiymcriralion 




Strand dioplaoomont 



Pnmar 



Cleavage 



-3* 



Polymerization completed 



ffCMKl 1 DWCram of 5' aucteuc oa* Stepwise icpiocMlrtcft cf the S'~3' ^hjj«- 
iiwy or rarf una poiymenx icunK tm « fluQimecnlc prut* durlriK one crt«.«ii <»' I <* 



roon* temperature. Uiueactcd dye wns 

dcx column. Finally, Ihc doublc-lnVclcd 
pftibe wca purified l»y prcpciwit^c. hij;h- 
pcrfurrnance liquid chromatoicrapky 

mm column with 7-^<n ps rtick «eo. The 
column wu developed with a 
linear gradlcm of 6-2JCr% ncdoiiUfiic m 
0,1 vi TILAA (iriwihylamlntf <ieo*aie->. 
Vrobci ara nannd try designing lh * 
<\ucucc icon* Table 1 and the poaUlouof 
xht IAN-TAMRA molcTY, l J cr example, 
probe Al-7 has sequence Al wrJth 
TAMfcA al nucleotide posit ion 7 from the 
V ana. 



PCft Syjicma 

All I'CH wnplirieaUom were* performed 
Ui the rerkin-Elnwi CcncAmp Sys- 
tem ytuo using SLM rcacUont lh«l con- 
torted 10 mM Tris-HOl <pH SO him 

jccii zoo &vn\ 200 itM den*, wj w-m 

dCVTP. 400 t*« dUTP, 0.S unit oi Aui^- 
c vc uracil K-dvcosvhie (Pericln-IUmert. 



£cnc (nudcuUdca 2141-^435 in ihe 
quence o/Nakailma-tljlfiW c< "a* 

auipUUed uaUift immttt Al* and A«I* 
(Tabl« 1), which are modlflfd tHjUlly 
from tho*e of du 0rruU el nl» ln3 Aclin am- 
plification reactions cornotacd 4 
m^C'V 20 rig 01 human genomic J1NA, 
SO mi Al or A3 ptobe, and 3U0 t\u oich 



C20 atfl, 6QTC ft iJiln). *»d holdct ?3 8 0 ( 

A .^t^ji irgmwii win autpitf<c<i *n»n a 

pj a> mld that convUU > »c rt m<^i fil \ 
UNA (nviclcotltlco 32,?-?0»d? t 747) in- 
serted ir. the SmcJ tivo «f vactof pVCl 19. 

M K <:U, l «a ofyJutinld DNA, 50 rw P2 or 
?S i probe, 200 iiw pdm« VI IP, and 200 
1W KJ i,aoj- RDM. Tftc thcrmM ic«Jmcji 
Waa S0-C (2 mtnj. (io m\n), W- 

hold a\ 7a*c. 



nunrMcejicr Detect Inn 

Vor ea«h umplKlcaOon roucUon, a dQ-M-» 
adlquol cf n ^vapic wo, uaosfw red to >n 
Individual w«M «f a whitc^ S^wnll mkw 
titer putt (l^Ain.i'Vcncr). Fluorcsceau 
W4 i mQiaurod ofl Iho Pcrtlxi-Wmcx 

LS-SOU itysicmj .vrhleh e*#n»Uu o< 4 
lojrincsccnco aiHidrom^er wUh )sla*« 
leader oatetnbly, a 4Bfl-nm cxdtaUon fit 
tar, ifid aMA-nm emlittnn flH.er. Pxdia- 
Hon wu>. ai A$R rim itstng Ji 5-nm tUt 
widvh tmljston ww encasuttd ai 518 
nm for fi-l'AM (ibc. ropcricr or U v»luc) 
and iM nm for TAMIU (the quencher of 
Q v*K*t) v»in tt a I«-nm alU >v)dlh. TCi 
dcl^l'inlnc ihc liiticn>c in »s ,wlcl W1U J*" 
ilaii that h caused by diruvngc o( w 

aic applUd io Uie raw ^aii^Uiit di-ia. 
?ira\ ( onlMion Uucrohy of a l/u««« lil*nk 
15 subleased IUi cftCii ^^vc1cngl\i. Sec- 
ond. exnUslon IrttcnHiry the importer is 



TABLE 1 Sequences of OUgqiwclcotlto 









plUUL'T 




prlmiT 




proi)c 


lie 


complement 


PS 


uxobu 


r£C 






pliAlCf 


Asr 


• primer 




pnjJju 












OJOiplcIUVlU 



^CCWriACi<l^l , CiU , l'lt;OCnA<5<^CTu 

ciACrccrrcccAAC^ATCA<iTAA^^'iO 

COUA'ITI'CClWn'ATCrATCAC^ACCATV- , 
TlTJCrrxTTTCTCATACAl ACOOCWki OCC 
TCAJCa^CACrOTOCCCftTCnvCOA 
l V*lit UOAA^XICU'XiTOCC'AATOU 

cr,rrmrtrAc:rr^AOCAA<^CAiv 
r oATTx cnncrcnAAQTOCAoaocoA c 
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(ITT. 
'VC*. 
iX. 
m k 
:»f X 
til. 

119. 
(T)m 

*«r 

21M 
neu 

:«u<i 



• an 

.70- 

■aq. 
>(» 

Itw? 

m< 

IU- 
MU 
SlH 

lit!) 

ror 

10 

lis- 
ihc 
3 lis 

H«. 

Hl* 

•ec- 
f Is 



A1J 

A«-7 

A1-14 

A1-10 

A1-22 

A1.3G 



'puccvi wwai vccn-j xrcfty cc«» 



Prs*m 


G18 




GG2 nm 










no <«if* 


« torn p>. 






3a d i £.1 




03. J * ft-" 


G8.fi * l.« 


fiX? * o,oi 


A1-7 


8 J. 8 i «.a 










Al-H 


















7«*a * »*4 


71.0 ft 0.0 


J.C7* O.0G 








100.0*4.0 




£26i0,03 


A1-2B 


1612 J 02 




U3.14SA 







£.00 J. O.AC 



ARO 

ft. 10 a o.o c 

3. IB J 0<*S 
3.13 J CtlB 



ccud Notai w^feinwd. ^Sn ^aui add*! template (no temp. 

tepMlrtvilutri arvthe av<wae±1 *^^S vl o was calculated for web IndhrMu«l 

«ri six fCMikxu run with wiplara ( i wmj-M UtQ » 



oivmcU by the emission iniviuliy v/f tl« 
quencher » give an nttUi Ew cadi 
uwrioa mbc. Tills noiraalizes iqt-wcII- 
tflAven vcTiatiuns-in probe mnoeruri- 
nnn ana fluorescence measurement. )'l- 
* nany, m CAiauaiea try suhnacthn; 
uk kQ value of the no-i*mpl*<ni: cuMrOl 

- pl«c rcocnon induing template 

A srnrs of picbe* incrctiMn* du- 
unces oetween tne nuore.icem jlvumci 
an J rtiotfamlM qu«ichat wm tested t« 
mv«ngateth« minim^sa and ma*iw"n 
spaong ctiar viouW give fta ncccpr»W* 
pcrcormance m me 5' nucicas* rCW »- 
siy, TBese pn?b« hybrld^c tf> a targe 



*eooco^ I" Vbc human p-aenn Rrnr.. 
FIkhiC 2 Ihc icwJts of an c*i(«rJ- 

incru In wlu<h tlicx: probes ««ft In- 
ciuclcd In l>CTl tl\al ftinpUUcd a segment 
of tlii; fJ-»^1 Vf ; ^ViiTwVhU;rtla$ Ihc Ui gel 
Kuwait*. IViCiiuiiMiw la Uic S' nu- 
dease TCJl »»fly is monitored Wy Ui* 
niAKnluirte of ARO, which b-4 tncdwrc 
of the mcT«iii« iu ccpuni-r fkiormww. 
l»u«4 b> PCK 4Pipilfl«tion pI the 
piobc nrgcfi Fr^ir Al-i U~ * 4UCi v*Jue 
• Ml U C^CJi' ra jwwj; Inaicotlng thai Ihc 
probe was not clwvstJ appreciably dui- 
Ing trie jaupWu»iKiu im1««>. This iug- 
KC»U lh"l WlUl ibo ^o-nctwer <ly« w« tlwr 
scOJAd nudcoildc from th« S' end, fl«rc 
is iiisumcivnt iuuiu hi\ Tuv polymwaac 
W vlcavc tind*nUy between ihc reporter 
aad.qv«nulwi.'Thv olhor five prevbei «- 
hlhlicd xvcnpsmblo AR<i valuu U»l «• 



Cicely clifrwnl from rcra- ^w, «H fr»o 
pjolica trt* hcrnR cicwvrd Uunr r I'CK am- 
iiljfjaiilwiii lauUiuj; in b alinlldi imaeaw 
Ut icpuilW riuuiww'W- )t (tlHJuiU be 

noud ihnl compter di^non of o prohi 
pjnGuccs a much larger incicaac in rc- 
pwiur Ouo£«ccnco man Uiat obscrvca 
la Tlfiwrc 2 (dftU aoi thov/n). TlUtt, even 
In rvacUvm where ■riiplifiiallun occur* 
rnc rnfljonty uf probe molcculea nrmulii 
undeaved. K Is matn\y ftif ilU« reason 
thai Uw nx>oio8ccncc Ipientity or the 
quencher dv< TAM«A chanfif 1 Hide wilh 
amplKlcallun nf ihc largw. This la wMl 
^Uowt us to uk rhe 50Z*nm fiumeseciwx. 
icwilnR ^ * n*»rmiiUa^l*>A (actor. 

The wmjnihirl- nf ftQ; ^"P*^ 
mnmiy nn lire (nicnchirin vfflulcncv in- 
nmnt tn rne sperinc .itruanre »l the 
utobH **ntl th« purity ul the oUswmde- 

ate that probes Al-H, A3-W, AX-M, and 
A\*2A probably nave reduced quenching 
as comparao A1-7. ami. me oegre* 
»f <,uc^Uln$ It sMllifltftl » detocl a 
hf^hlr M K n»Hcont ln«tra«w in repair 
flu«TW*:«icc«hcn each Owm prwUen 

is cleaved during rCR, 

Tn farther inVKtlgaTe the ability or 
TAV4KA <ir* »So 3' onH to ^u«n«h WAM 
on UlC 3' cud. Uirce tkddiltonal p»l" *>' 
probci wcie lesved In vhc 5' nuclease 
PCR aaiay- To* tach p*ir, one prcibe 
TAMPA otloehrd to trn iniofuel nucl^ 
t ,UJe *»*d Git tillia h*fc TAWIU *lUclMd 
to the y end mideolid«, The tesuita ttt 
m Tabic Z. rot all Hirer, sew. the 
prob« with tbo 3' quencher exhibit* h 
ARO vnlvt llwt J* wiwuteral»ly 
ihaii tvC UK probe whb vhc lu<crn»J 
qu«Del)cr. Ihc HQ" value* a"SSW' lhfll 
dirr«n;nc«» l» quflnchixifj «r* not us H «uit 
oa 03O3C observed v-ilh >«m« «'« A1 
fwobci. T1«« xoulta dcaao^rale Ihot a 
queaeiier tlye cm the 3' end o/ «v oilgo- 
nucle^Xle an quench efficiently the 



a*: 



the 
ice 



TAHIE Z KeSUitS 



, a compos Pro^^TAidRAAtt.chuci t o an inUmai ox JHcr minol W^uy 
Of Nuclease A^«y Companag i ruvun ' 



il& run 



Prob* 



itotempL 



+ temp. 



IWT 
1*5-1.0 



S4j6 3. 3.2 
ll\ t 2.9 

62,fi i. 4.4 
113.4 = 6.6 

f>4.0 x 3.t 



B4.»i 2 :t./ 

a. 11.1 

aS£.4 * 1U 
15.9 

3 33.^ a O-l 



it(i ivmp. 



Ufl.2 =-.0.4 

,140.7 ? 6,3 
UI1.fi it *.l 



+ 101013. 



V0.2J-3.B, 
10.2 

na,7 = 4.8 

95l& 0.7 
94.7 = 6.5 



0.i7 'J. IM^ 
0.86 ± U.W. 



0,75 1 0.0^ 
7J& - 0.05 

XX9 * 0,16 

2_SS ? 0.O6 
tt MX 



a.-so :« 0.1c 

1.60 * cos 
2.B9 i 0.13 
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flumwtreiicr of a fttpnrhr aye em me S* 
and Hw OMynjo of tjuKTiehinK H wflV 
Ci«al fo* Hi if lyyc ull^omtelcoUdc lo 
be uxed as a probe In the V nuclease PCH 

To tett tbu hypoth«*U thai arching 
by a V TAVfttAdop^iMlfl on the flexibility 
of iha oligonucleotide, fluorescence was 
meatmen) Tut probts in the stn#** 

lUiftfled and duublw Urandud aa?Ci. To- 
hls il iao©<U {\u» fluurwevnva •aWs&P'«l 
at Sia a«<J nm. The rclaUve decree 
of quenching Is *9»c»ed by calculating 
the RQ Utlif. Vor prot>CS With TAMRA 
*_10 nucleotidoj ffom Iho * llurv 
U little difference In the JIQ value* when 
cumparlnc sIuElfr&uandwl wirh double- 
stranded oligonucleotides. The results 

/or prnhef with TAMRA M trUJ i' vnd are 
much different For tW« probes, hy- 
bridisation to a complementary strand 
cousca a dramatic Increase In WO. Wc 
pmposr ilm Ms loss of quenching )s 
caused by rnc rigid structure, ol dowblo. 
Unruled l)N4, Vlllch pr^wnC* the 5' 
And 3' <nd3 (rombclnx in proximity- 

When TAVlHA IS placed toward tnc .v 
«nct. thote U a umkad Mg* ' effect on 
ouenchtn;?. Ilgure 3 nhow* a plot of ob- 
served RO vtducs fur the A1 seilei or 
probes ai a function of Mg aH concentra- 
tion. WJin TAMUA attached near trw & ? 
end (pnih« Al-2 Or Al-7), the UQ^me at 
0 mw W^" i* only slightly hifeber than 
RQ at 10 itim Mr 4 1 . Vox probes AM9, 
Al-22, an<l AUZfi. the WlvaUics ar Dmw 
Mg** a«r very high, indicating: a much 



roducod quonening cfflcloavy. Fur caeb I 
<»( thw jKCt*ti, U\*t« la u HiaTked do- 

u grudtuil decline a* <\hc M$ 9 ' concen- 
tration irurreaiei to W mu. i'luliu Ai-l«t 
jhaw» An intermediate RQ *n]viw it 0 im-» 
M 8 ?< wan it ^mduoi dedlne At ni*JWJ 
Mr** comciuittii''"^ In a Uw-sah ai- 
vironmrnt wiu\ lio M^ 1 " iiitseiit. a Jin- 

gU-kV<*iutcd cJlgoHucluCUjUe *n»uld bo 
«Kj>#ctcd tv adcpl 4i i YAirtilM «)nlo^ 
matiotv because of eketKHUilc xcptal- 
alon. ^hc VfeUini oi Mg 9 * lorn hcia to 
shlc1d\the;.neg2uyc dwgv of inc pho^ 
pfefi fweboric w that the oujfoimei^ 
otlde eon adopt conform ailom where 
the .1' end Js close to the 5' enti. Theie- 
fure, th(* pbscrtftd M|p ' effects aipport 
the notloo thai quenching ol a 5' re- 
porter dyi? by'TAM^A at oruwr the 3' 
end depends cai the flexibility of Uic. oil- 
jonuclcoddr. . 

PISCUSIIOM 

The strlWnfi ftndtnt of this sltldy is that 
K fectris 0^ niociamJofi 07c TAMKA, 
pkeed at «ny powlion \u wi o]if*ouucle- 
otidCi cao quench the fluorocem cmlv 
sinn of a riuortscvlh CO-^AM) p>v»l a* 
the .V ; . endv^hls Joi^U« tnai a s«AfjK'. 
-itfkhHdV'; V^oubla-Uholvd oli^nuele- 
otid- must h<» M>la t» adopl ronfonma* 
tlOftS >th<rru tha TAMHA ii dioe tti rhe. 6 
end. K slwuld Iks noted that Uie duca/ of 
d-VAMin the vxvited stale requlrw o cer- 
tain Amount of hmc. Therefore, v?ha( 



TABLt J Oomyorbon a/ WunrcACxn<c Kndaa^Mi^ uf ,Jtlnj:UMTTnnded and 
DcmMc-»irandcd PtMorogciiJc Piubo _ 



RQ 



Al^ 

T2-V 
)'i-1C 



7JJ5 
a\5f 

aaos 
aojio 



CASH 
70 Lt 
144, 



91 




16 






tsa.iH 


n,«X 






1 93.66 


njvi 










03H 




.: : - 


t\M 








OM 


0.5S 




At.i*i 


0,4t 


s.a$ 




16S«W 




u.r7 


51->0 


104.41 


0.46 





100 nvt A3C far wrote A3-6 ana M-w. 100 hw i-it: r«r i««ik* rz.7 ana 1 oc 100 n« 



mattard far qucucbl"^ 1* "«i Hie a«crigfe 
diftteaco bol*«ccn G-l-AM ood TAMHA 
tout, rnthci, how cio*e I'AMPA can fet lo 
6<MM rtuxing die Uftnme of utc CfAM 
u^dtiditau. As loo£ -» Hie uway dim; oj 
tiie exciwd mote relatively Ionp[ <vin- 
paieO with ihe rnoJeailai moiioiu ol the 
oiigo7)ucicoitac, (lucncning can occur. 
Thus, we propose tnat tamRa at thu 

end, or othor j#o*IUo*i ( can cjuendi 
AM at the ,s' ond because TAMBA Is In 
proxlmliy U> (i«VAM often enough to br 
able 10 accept irnirgy rransftr trom an 

CKCttCd (i.l : AM. 

Pqiails o/thv fiuoieBCiync*! measure- 
ments remain pxtaeUnt. f»* cxiimric, Ta- 
ble 3 shtiws that hyoridlxatiun ot protjcs 

A1-2C ( A5J4. and l J S-2B to their romplc- 
memory stnn(k rvor onJy causae a Urn* 
iocrtftac i» 6-'AM fluoreKcnce bt 538 
nm but alao eou5ea a modest hicrot^c in 
'lAMTlA fluoreaccnce at SR7- mi If 

•jam ha, is boing erclttui by enecgy trans- 
fer froxri quenched C-)»aM ( then losj of 
quenching attributable to hybrldlMtJon 
should cause a decrease In the fluoicv 
cenf.i: efntsnon of TAMRA, the fact that 
the f luojescencc emission of TAMRA In- 
crewel indicate* that the situation U 
mntP complex. Knr example, we have an* 
ecaotai cvineiicK thut tne bases of rhe 
olUsoiiucifcotld*, especiaUy it, quoncn 
the fluorcHArtiO! of bot\\ 6-FAM and 
TAMftA lc> $omc degree. When tfcwhle- 
siKUidcd. basc-paLring Jnay retlvct: the 
ability t)i The Daica to quench. The. prl- 
jjjaxy {octet eauibtg tfw qutnchinft of 
O-l'AM ;a on intoct i>cob<: « 1-hc TAWBA 
ctyr. Kviuenee for Uie imponanffi of 
TAWHA St itial 0 JTAM Houiv*L(ince 
remain* reUUwrfy und^n^ti ^ricii 
^ob«* UWW only wlch 6-VAM ara used 
In \hc 5' iiuclw»c 1'CR a>«V (data no* 

5iiav«!U. .iesx>nd«ry effectors of fitjoxo' 

oenc^ both before and anei cle«»a«c * f 
th* probe, need to ha cj(o1ok<I Curt her- 
He^rdless of the physical mocha* 
ni.iTri ( \hc leUtWc indiyscr.dcncc of por- 
tion and qucnrhUig greatly simplifies 
Ui* design aC prnbw for tno S' rrutlcasp 
I'CR 4s.i*y. Thore ate three main faclOTi 
that a«tcjmlrc the pcrfoctunnce of a 
double-Ubxled fluorcsccnl probe in die 
J.' nuctcxe l^Ctl assay. l*hc fi«t foetot 1* 
the dearer of quenclvin a (/Iwerved in the 
intact orobc. ThU U charactered by th^' 
valuv of HQ" , which te the railo of /e- 
I inner 10 quencher fltiorcxccnt cmU 
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dyes used, *P«i«S beaten rep***' a«<3 
quencher dyes, nucleotide sequence 
corneal cXfceU, presence or jUurtutc or 

the cdlgcmuckotidc. «*d purity of «l« 
probe. The second factor ^ *hv efficiency 
'•r liybiiUUauciM, wUlrfi depends on 
pcob< T uv pcuenct or aeconcAary struc- 
ture In probe or umplMc, annoHn^ 

. temperature, and other reaction condi- 
tions. Tbc UiUd foctov ii the efficiency at 

- *hlch T«g DMA priyinutasv d«»wcs llio 
bound c<obc betneert the /epoitcr »n<* 

' quencnw dye>, This deavaie b depcu- 
Ucni on sequence complementarity be- 
tween piobe and template as shown by 

' Uic oU>c<*aUOil that mlsinaulw* in ihe 

seemciu between icportcr and qwnchw 
dyis timsttcirtly rUiux the ciwvaw vf 

The ri« io Rp' value* for the Al 
rici of probes seem* ici Indict* that uw 
rtcx-rw of quenching b rcduevd awwe- 
Wat as UiQ quencner is i>taei:ci iowaic 
ihe S' end, Iha lowest apparent quench* 
ing Is observed for pcobc Al-W (*«» 
3) rawer Than for the probe where The 
TAMBA U at til* 3' CAl-26). 'HM W 
-undcrswndiibte, a* the contonnation of 
me 3' ena position wcmld »)c cxpe<\cd w 
ba lees reiirvctcfl Than the ajnlurm»Ti(ni 
cf an lftlflrnai pcittcm. in effwx » 
quenefhet th< 5' und U fte«t w adopt 

dye than U on intexiwlly pl«»« 



niolkM. to* lnterpnnadon of RCt value* 
h Ion .deiKUU IV AJ Probe, »h«^ the 
same ttxnd » Al, with Uic 3' 1AMRA 
u.ube b»vli^ft.Us«<r m Uwfl «w U- 
urnai "J AMlCA ^ohe. Vor the p«U. 
b*^ ptoUimc ha^f *b"«( s^riir HQ 
VAlut. Foe the PS probw, the RQ Wlhe 
V probe h lew than fw th« inu^nalty 
IROMCO probc-s Another factor tH»i mny 
Cftplnta ipw of the oltfenwul vartaKcn tf 
ihfif p«>»ry -nWi;1rh» HQ' «lue. Al. 
thtiUilh all prubtr. kit HRC pui.fi^ «l 
,mnll eimauni nf contamiootton with 
un^onehod reporter can Have 

l««lonXQ • t , ( . 

Ahhourfi *h«c • modirtl «i- 

frei on degree of qxicnchirtK, 0w 
tiun' Uic qUUR'IWf apiwrC'^y 
hnYC 6 U<fic effect tm the ctficimry of 
p^U-vko^c, Tl>' »«"■* 4f,rtti<: **** 11 
obSvrvcO w lih prolic Al-2, vrh*f* pUce- 
moni n» \he TAKdttA on the acwml nv#- 
wlruU0« irdu4.es ttic cfttelcncy fff clcav- 
ag e io a;mo« *oro. Vor the A\ W, and M 

prober U fn u f J'. 3 

TAMKA prohiss cumpfued vlth the tn- 
usriul TAMHA pmhtt. TlltS 15 exptamcd 
niojt easily hy wvunto* l^ 
with TAW*A at the 3' end are more lltoly 
w DC cleave*! between i«p«lc» *«d 
.quench« than are prot^s with taM^ 
aUAChwl SnfemaTlr. »«r the Al prohc*. 
the ek^RO affic*»ncy of V™* W 
must drc«4y he ^utte WrK « ABQ^ 
noi inm»r wnen to qucntf* « » 

^im w th!» V pnd- This lllua- 



lr>t» the importpnrn of ****** V 
u*e probes with * «*«*h«* <>» 4I « -J 
end ia mc y nucicwc K» i«; hU 

pcrter /lvoc«ceocc is only 
MitoHcobt I^WwUbe^vi. tW 
ceportox and quencher dy«. Ov 4™** 
Uiu mp^r mul qu«iw«rtfi dyv^ on ho 

cppo»Ue ««da a/ Mir/>nuclecUde 
pfube. any cloava«« U»l ~cura f\ bc 
drtcacO. When Uic quwiehcr U uttucU^l 
an Uiuirual audvuUUQ, huhwiIiiio u«t 
.uubi: vfcV. wdl CA1-7) Jind4ithcr Uillw 
not so weU (A3-6). Tb* rolaUx-oly poor 
pcrrofmemcc or probe pr«Him«biy 
meaof tho pwbe U being cleaved 3 to 
Ihc etueneiwr ts»ho* «ia« Dotwccn the 
rpprvrinr nM v*tnchef. Th^orQ Abe 
b «t rtuwoc o< havtm: o probe ttut rclj- 
dbly ddccis accumulation w ^CH ptod- 
wn in the a' nuclease rCK assay U to uie 
;i probo wiri) rhe rcpoitcr oftd querwhor 
dye* oti opposite ends. . ^ 

Placing vhe qucncricc dye on the o 
ana may «la» provide a SUK" 1 Uwwftl U * 
terms rrf Hyhndl/^ion errt«itacy. nic 
proroce oi a quencher aiuchcd 10 an 
IntcrJial nudcmlde ml*h» he expected tw 
iikrwV b**M»«rina ami rediici! the T n , 
Of a piahe. In M a rC'-^! f^vKlan, 

in hitt been obscm-d twe pjob« 
wiU\ UllttHdUy irtuid wd TAMHA*-' TU* 
dHtupii^ «rf<ct wctold be mLnimitcti by 
placing the qucnchci it Uic 3' end. Thbi 
pmhr,t with y quweJicn might exhibit 
Mlfthtly hlfthcr hybridir-titfn e/n<l«t*clo* . 

Tha comhlnattrm of increaJcd deav- 
«« «id hylsrtdUitiwi alfielatiaiaa maaiw 
mat probes with 3' quencher p«>bikbly 
will be more tolciant of mismatches be- 
tween pro* <mci urge* ea oflmnarcd 
mil. lrtie«*My Ubalad pwha*. Thu wl- 
tra nce of oi^maiehei can b fr *d<*Aia- 
geoui, when lryl»T« \o fl '•"rV* 
probe io detect KKAuiiplificd 1"^^ 

Fr n»M'l- ufUiirereni species. Also U 

mw'« tWat daavag* of pwbc chirlHK r<*. 
b lv» ae«i^Hvc U, uH«.^cmu ui art. 
ocaim« vmptratu™ or other JcacUoii 
condllioni. Th< on« appllwhon wiicrt 
tolerance of mlsn^elu* m.y be a dl*ad- 
vamagc « for atiaUc dUcriin nntion. I^e 
et riernonJiratcd that aUde-spadac 
Bfft hftK wurc cleaved berween rcporLcr 
qu«n,l>cr onry when WW™ ** 
T^ffcully complement^ target. I htt al- 

rmman cystic (fro* all C J* J^jg 
.AfSOff rnucanc. Their probca had TAMRA 
*tuch«d to UW seventh nucicoUdc frotn 
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dyet wad, ipactnB ectwron reporter and 
; Quencher dy«s. nudtoUOc s«»w.nce 
„m*xt effect., piwm * ""J?"' ™L 

• oih« actors tnat reduce flcxfruUty of 
lh« oUgoaucleotirte, and purity of tn« 
otabe. The so-nd factor IS WC efficiency 

C of hybridation, which *f 

pone r_ pracocc of s«*n«lary «uo- 
iuto in probi! or template, annealing 

, lempcrthid. and other ™ ct,p " rontU ; 

• vions. The third factor is tM «flicl«icy « 

• vjuicn 7*1 UNA polymerase cleave* tha 
' bound probe between the reporter M>o 
T auenehc* dy«. inls Cleavafc Is depen- 
dent on ron, f^ e Cl w 
twer probe and tcmplat* » * ,10 « 51 .^ 

' me observation thai mismatches in the 
tuntni between Tfiiortet and quencher 
dye, drastically icttuce tin dfWWB! of 

^ ^m'^rlnltC vnl^forth«Al«> 
lies of probes seems to indicate that trie 
riWii. of qucnchTns is reduced soom- 
1 Xt u t)K quencher is placed toward 
- mc 3' end. The lowest appawtit quench- 
1m is observed lor probe AVI? (sec *«. 
' 3 J «.*h*r than for the r, roor where the 
T4MM is at the 3" end (M-26). IW* « 
.undcrstamfHhlc. as the corocimatu.n of 
the en<t nosulon wuuld be cxpecteo 10 
be lew Nttileted than the conformation 
P r an internal position, in rtHrt. • 
: quencher a. the 3' end b freer to artcpt 
( contaimatlrms close 10 the S« «P«w 
L e than U an internally placed 



prolK-*, the interpretation oi SO »*« 
!, les, clear-cut. Th. A3 prob « 
»mr: tri,td « M. with tria 3 TAMJ1A 
probe UavirtR a large' tKn " 
iwnal TAMBA. piuVc v Pw tl« Hz 
buiii probM h»va mtioiK tftc sami- RO 
, al ur.Pnr the I'SproK-*, HtcRa" fbrftr 
r prob. b 1«» «i- «'l«"*»V 
labcM probe. Another factor *at may 
c«Jain some ol the ntsowfl w*«on >» 
purity alfacu the WT '"»"Jf^ 

«nau amount of ctiritamlnaUon v.th 
uiKjuMtchod rcpoher can have a larse er- 

reel nn decree or ouenching. the P«^ 
lion of the qurwhrr amiarenUy ean 
have a lari-e effect oo the efficiency of 
probe A The mo«t drastic dfcctU 
observed with proh. Al-l .Whew !*<». 
went oilhC TA^tRAon the ^"J^ 

SwaWt«roJortheA3 ( P2.andP5 
pfohrs, is m«h gmur for rhe . J 
TAMHA piohf* w compared with the 
teriwl TAMKA piohes. This b e*pW«<» 
mmt easily: by- «n»«tin S thatj n>ta 
vlt hTAWRA«l^3'«d^rnc«llUcty 
to oe craved bewwieootl«rand 

ouencher than are probes 1A f ^ 
Sud utteinaliy. for the Al p»ol«,, 
the cleave** efficieocy of probe M-7 

not increase wlic" the n u «? du ;' 
"l,ccd elos«r to the S' end. Thu UtW- 



use prooet with » au««<*« an J} 
end in the V nuclease l-OU .J»y. »n ihla 
utay. »n m«ea«« m th« inwnney «* '« 
fluorine. H ah,.rvod <.nly 
when The pwbe U «i«avod between me 
.cportcr »nd aatarW dye* «V I' 
tho reporter and <ju«nchcr «Iy« «~ 
opposllo «nd« ol an oUgonudcotKic 
nwlw, «ny vl«.««H- tl.m oiwrl 
rtetficted. When the qu<meh«'" »^ ei 
lo UllcfiM) iiwlwtW-. ,«it.o«l.li« u>« 
nrobe unrlu well and olher ui«» 

n« *o wvM (A3.6). The- relatively iX'nr 
pcxfnrmance of p-oU- pMiimably 
m«ans H.e probe Is belrut elc»«ed » to 
tho quencher nthcr than brt»«e« the 

^ chance of havloR a probe that cdl- 
S delcu M v«iU Of PCH prod- 
uct in the V nuclease Pt* a.« .y U «> w 
u t ,roUft «ith 'Hf repotici and otusnehef 
dyes on opposite ends. 

rled.* tho o-cnehc* dyr on Uw J 
end may also provide . .Ugh ***** 
fOT ni* nt hybridization clllelcricy. ihti 
piescnca of a quMtehur artorltcd to an 
„,,cn,«l »u«W;de cciibl^ootAu, 
diuupt base-pairing an<> "duea <h« U 
of 4 prooe.. m fwt a 2»0-3'Cf eduction 
7- ban t-cit owerved for b«o prob- 
with rmttrnafly attached TAKfUAs. hb 
vniptvc e«eet t«ouW be. mlnlmifcrt hy 

nrobct with ?' quenchers miuh ™*m 
rilxhtly nishcr hyhtldUarion efficiencies 
probls *ri«h internal q««nt*cnL 
The combing ol maeased de»v. 

liiot riohe* wk* 3 cjuwehers. probably 
* it be mow tolerant at mismatches be, 
wen Seta and wg« .* compared 

e,»nco of mismatdx« can t.c advanta- 
a» whan trying to use a alnjlf 
ffi* detect PCWa.mpiif.ed W"^ 

mimit that cleavacc of pn»U- durli « pi-k 
i s i„ t wnsltlVF tn nllwMhms In an- 

oncUtlt.ru. The eww" 0 *",^ 
toUrance of mismatches may fa B^«- 
vania« It for rilellc (lUCTimlnatlon. 1« 
«^ «« 'commuted ihat allelisspeoflr. 
r,r« « were clctwd between r»?oner 
C JcncherU 

iw tacuy cnmplr.mcntary nova- 1 hlt s ; 
& them to Uistlnjobh ihe «o««» 
L «>tKc flbrosls allele frcnn the 

222rt » the seven* nud»^ l«om 



01/27/2003 13:32 FAX 650 324 063j__ 



HELLER EHRMAN MID#5 



Prom 1 BPU_ 



PHONE No. : 31B ^72 



Dec. as 2302 I2:isan PCS 




t \,* end *nd wqm d«<l#no4 ro thai any 
mlwwtchct were berweun the raportet 
4 ,id lyncher Uicrettin* the distance 
t«p«rtar and ^uMichtf W«jld 

ic*k» me dU/upUrv vfKii of 
marrho and allow d«mjp of the prob* 
an the incorrect Ufggt. Thus, probes 
«*Kh « qjiwrtwr ttttfihed to an intcrnul 
»u<!kot!<J« rn*y rtlfl b« U"ful fot allelic 
rtlM'riminrtUm. 

In IWl Hvxdy lott of <juonchlng ^pon 
hybridation was used 10 shew xlwi 
quenching by * 2' TAMIW u depwiticni 
yn Uic AcjUblUcy o< a staj^Tandad 011- 
H(mucl«uclil«i Tht: increase IB wportCf 
llyoittwem* liilcmUy, Though, could 
alio Hq *« d«kffttttino wboiner Hy- 
DrKUeMion hois uvvurrud or nor. Trim. 
oViSoouclcoUda Willi wporm ind 
nuenchet dyes attached at ojipnaUe end* 
should also be useful hybridLwtu** 
ptoUcF. The itUlliy to dCttcl hybridiza- 
tion In real Mm* mtaiu ibat \hw prunes 
couia be usta To manure liybitdUattcn 
kinetics. A15D, tWs rypp or probe could be 
used io develop Homogeneous hybrid- 

;»fiion mi«Y* 1« <iU«aoP«c» or oth»r »p- 
plications. Uagwcll Ct *l, ll0) cfcscnbu |««* 
0U£ rypo of humoscncoiis assay where 
hybridization of a probe causes B » l "~ 
tTuoia in *luo*©econc© council by a losa o( 
qu«n«ning. Howmc, «hty * 
complex piobe doign thai requbt* add- 
ing nuctucimlcs to both ends uf the 
■pro bo ccqovaui to form wo imperfect 
luHrpiiu. Th* presented h«" 

dcununmw dint «h* jimplc adamon or 
a reporter dye u> one end of an oUgonu* 
dcotidc acd a quenchflr «y? uic oUici 
end gonscatot a. fluc>»ag<tn»< proUi 
c»n detect hyb/ldL*tl«"t or UCU amplifi- 
cation . 



ikk ny miiumji the v 3' <**fMi«—* 
iiclMty o* 'Wrmws 1>NA 
mane*, waijl Axxd. Si£-tMi 

A. lyamirKw. V. V-A-O. ftrnrw, and J.l\ 

nucuoiyuc dcavage o« nuddt acids to 
«uhucttTiai ona porymersws. JcieniT 

4 ^,^4, v;n<. 194a./-*Lwiiriiuiui<>uH)rr 
Knortti^rtd^'a^nd nuoroicm. Ann. 

" jrtirfHff W fli'ortsccnl xficcuotcnpy. p^ 
aOi. UlIU. PlaftUm ftf.wl.Wuw York. NT. 

d ST*y«f. i- «*• -HWjiand. ) Merw 
wanirfcrt A spXVTOWoplc wtai- Wfl »- 

y , NsitaUmft-niimii, U a UnnKlM. V. WW. 

iut» cihho nonwn cytcipiaunic Dda-iCUn 

quo^ew U tMr«A4. h.*. Mull. ^*/. 

dcW. l^yj. QuindUUon of &.ae!lu-4pc- 
clfic i««NA tmnnoipw ttllng 
peddve PCR- i^CR UtthoA AfpUc. * 

lAvnk, K.J. :(unpuW.K 
Mwcll. CB^ MX Muiuon, K.U <J«rl^ 

imijjcncDwww •ywP 1 ' 1 fnf *pedric ««- 

cIvU- ovld acqttoico. PUjr-JA ouO piHyW 
dcicctlon. fj^cfeir AdA ^ 44i 344* 
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U»« •cknowtftdft* Unculn McBrldc of 
rcrkln-Llm« fo* hU n up nod ^nd en- 
courasanwni on Oils projvrt and Mlicb 
Wlnnllc of Our Univcrsliy Of Toronto (Of 
K*l P *ul dl*cu«lcw OA Um^iUfcolvcd (lu- 
arttCDnce. 



i. lxc, UC- oil. Cornier *nc w. uioch, 
1003. AJMlc dUctlmlnaLton oy jitos-iran* 
ut i an pen fiu-oicscnJc probei. s*r 
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itiUUTAMEOUS AMPLIFICATION AND DETECTION OF 

^specific dna xwmm 

gJfiDfl. ^Corr^po ruling author. " 

L have enkmccd the polymerase chata 
reaction (PGR) such that specific DNA 
'faueaccs can be detected without open- 
4; du» reaction tube. This cohoncexnent 
Quires the addition of ethidium bronnde 
fa&r) to a PCR. Since the Buorescence of 
EtBr increases In the presence of double- 
Wdcd (ds) DNA an increase in fluores. 
i«ace in such a PCR indicates a powtn* 
Uplmrarum, which can be easily mom- 
[Sd «temaJly. In fact, amplification can 
continuously monitored tn order to. 
fibdow its pmgrej.s. The ability to sunnMa- 
femusly amplify specific DNA sequences 
&od detect the product of the ajtnplificatxqn 
froth simplifies and improves JPCR and 
;my facilitate ita automation and mare 
firtdesoread use in die clinic or in other 
Rations requiring high sample through- 



"carryover" M*= poidves m zubuapent ie«mg . 
rated If specific ampKidtioo and detacoon of ="=Pff? 

X« without Che V-rt co ^M B S 
been termed Tioocgeneoun- . No truly bo «g 
Sou* PCS. assay bas been demonstrated wdwe. although 
o^mtowaii this end has been reported. Chchab, et 
SSfSUlop-d » rCR produa detection ,*H«,e 
a .13!™.™ thai raruli*d in * (luOTeKeflC PCK 

and FHK product detection based upon the gr«uy 
creased taorescence cbac edddiu* broiud, a^d other 
DNA faiadiag dy« exbihir. when icy "-J^ 10 ^ 
DNA 1 — 1 *. As outlined la Iib'"^ 1- a pr>»w"TP l<: Jr< -" 



IV 



Ithcnurh the potential benefit* of PGR 1 »d» 

widsly uxed in this setong. even though i U 
i'JL jL four year* dnce chermosTablc. DNA polymer- 
ia made VCR pracdeaL Some of the nwn 
ttiepwwe are hiih cow. JaA of autoroadoa of pre- »nd 
4»5a proc.JLg «P«, «nd Site posWye , 
b^m-cootamioaUoa- f ae first wo pomts arc rdated 
'-'ihaiUhora thelara-tcaftnttmior u cost at Jie present 
of PCS. development, mosi current assay* req«ir« 
Kme form of '•dowitream" procoiln? once ^erm°^; 
fe B i. .ion. In order to deierffline whether "Cta »IE« 
W s »qu«n« v«> prwant and amplified. The-e 
mui* ON A hvbriduatioa'-'. «*1 electrophoresis with or 
'ifchout om of r' a «rktion diffanim 7 - 0 . H?LC*. or capdhrjr 
-fcoophoreii, 10 . The»e methods a« hbowanase. have 
(""•■dmwehput, ^ ara difficult to automate. The thud 
frin« « 4o d»d T reUted to do»-nrtr«*n P«««^ 
handling of the PCR prod^ in th«e down^eam 
inci^o the eh^oce* th« «rpUB«* ^ A ^ 
feeid through che typing lab, resulQng « a ru* « 



frCT.<ydeO I 



fctS&t 



/ 



(appro*. 10Ua5 




mCNA 

Of^t IcQOCflCS 



RflHS LPrinaplc of Hmnli^coui am Wcadoo ?^«£"f 

iiDNA. There ia fl «'« c ^;^^ 0 wh^DNA b 

haund to DNA Ending is greatly cfltonecd wh«l PNA « 

incmn ift toul ftaorweencc. 
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diai will fluorc«e. » °rd« f'^lTSe ,«.gle.eeraa<Ved 
free Mr to*, -a JteM gg^fi 3- DNA 
DNAprini<«»^» ttSU « the UNA 

DMA will be ^y.^nr^^^Btheinff^'" 

the amount of daDNA J^^iL* jr^,. bound » the 
several microgram- Iorrn«riy tree ■ flu<>re: . 

additional dsDNA, x«uh«B ^ *»ou*t ol 
There babe, ««^S£i* f »DNA 
seDNA primer. ^'^V^SS of ching* oa 
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ah seal OT present at . - w 
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over the ^^"*XT d ^ a ^catidy ««« 

fol nepdve ""^Jg^JJ^Tte mere m»U DNA 
DNA or huin^ f^*Q»g versus 2 ng-^c f« w ' r 
mum CO beein r*^TJ lendUe locreaw « flue 
^cV M were needed W products of 
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csLSja Ana ^ ^ ^ *• 
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t nnctioiu <*eh). The DMA iype was reflected inthe 
'S^^ in«niid« In each pa* of comply 
re i aV£«r» There was a sizni&cant increase In flupra- 
<** ^w>«re7^bT*nele 1>NA matched the 

^«VbowS dJTw^.« ^bou^ee am- 
{ w «r««. in » PCS. -her. both p-globin aOfll« verc 
cned " *rpri»T «*. C.l electrophoresis (not 

j . rn £?-v«ihesw of nearly a microgram of a ONA 
■'^.nTrfdJr emcewd tor (i-globin. There ^ 

11 -ir^Swr was jaismatehad to both alleles: _ 
'r^uTuTe^rine. of a PCBL Using a fiber op* 

i l 5?7tepM S ible w direct exdiadon Ulununation from 
f^ToKmc'cl io a PC* Agoing ^ocycUnff 

JSIfSuni Whence io the (p cccroftucromclcr. 
!,Sncc readout of .^^f^ 

■?,hoJ« u> J'twe 5. The readout from a control PCK 
t^Sno orgat DNA U also shown. Thaty =y des 01 PCR 
■fwire monitored for each. . . Wm j 

The fluorescence trace as a function of ume dearly 
th< effete oMhe uiermocydtoe. Fhiorocc^cc mten- 
S d£ and Wis inversely **n cempcraturc. The fiuo- 
«*ene« iatetuiey u minimum at the denaeut.non torn- 

&«P«™«* (50X). In die ^**^°2^£E 

£4 f£« *" **t 'hettaocydes. ifldlcadr* that dtoe » 
IKdNA syntheai. without the appropriate «» C ct 
5?A 3 thereis little if any bleaching of TOM duru» r 
^eolmdnuou. Ulununadonof lAa^p'e. _ 
in ckc PGR containing male DNA, the fluorescence 
•iW^afS ^alin/^i^^perai^eglnto 
:Sansc « about 4000 3 eeonds of thennocyctag, and 
Sic to incroue »», ««h«u»S 

■ bnng produced at a detectable lc-cl. Not- Out the «uo- 

■ Wale minima at the denacuraoon temperature donot, 
yii^lfiontly inCTeasc. presumably became : at dw 

■»r t there is no dsTMA Tor EtBr a> tand. Thu, , * e «u»« 
•Vr the amplification <s followed by traebwe the jUdrec- 
! --cit.ee icterewi at the annealing temperature. A«dyu . of 
; product* of lhes<r two ampllflcaaons by gel electropho- 

inal, DNA containing tample and no detectable UNA 
jfptbecu for the control taraple. 

ftrtSCUSSIOK 

t Do^wcreem proeaaee. weh at hybrldtadon « > a jc- 
Isuence-ipedfie probe can enhance the jpeetfictty Of DNA 
%WVr FCIL Th. ^ainadon ol these ptoeessw 
.mtws that the spedfidty of this hon»geneou= i as wy 
(depend, 3 o)eW on that of PCR to *• o» 
l«eue, we ha»« atown thatPCR ale*, has suffiwnt DNA 
licence ipedlidty to permit ffenet* sereenmff . Ultof 
^ariaJtsipifiatwD condition*, there 
.^yeinc producion of daDKA in th. absence of the 
Appropriate rarget allele. " „ K 

f- The spedfidry required to detect pothogant can be 
T'»or t or less than that required to do f^eneoc «creeninf, 
l^fendlng on the number of patho 5 eo£ in &e tampteond 
imcunt of other DNA tHai nni« be wi.cn with th« 
;*ople. A dWcult targa is HIV, which requires idetacoon 
of i viral «ncrae that can he Zt the level of n tev copiet 
jPet (hcuMndi of host ce»s £ . Cumpircd ^ 
i^tenini, which is performed on cells containing a* least 
f?v copy of the target sequence, HIV dctccoon requires 
mare spednaty and the input ot more total 
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auorea*u« product by » low 

copy-number » . the JfrJ*»*£ aB1Hiia V «u pr""* 
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concentration. , -.^ molecules U 
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sCD -1 4 ELISA 

Trauma, Shock and Sepsis 




2it\* CD-14 molecule le expressed on the surface of 
.^monocytes and some rrwr-mphagea. Membreno- 
?^bound CO-u is a receptor for lipopoiysaccnand^ 
: -CtLPS) compiexed to LPS-Bindlng-Proieln (LSP). Tn t 
^."cancantration of Its soluble fnrm is altered under 
J ; . certain pathobq-ceJ conditiona. There ie evidence for 
■ : "an important role of with polytrauma. s«pA'«. 

^'burnings 2n0 inflammations, 
r Durint; septic conditions end acute inactions a seems 
i^.tQ bs a prognostic marker ana is therefore of value m 
o monitoring tnese padents. 

' For more information ca» or 



|BL offer G an BJSA Tor qufintlia^e ^^^^ 
soluble C0-i4..|n numan serum, -piom. cell-oui^ro 
srjnernatants and other biological fluids- 
Asaav feature: 12^6 determination* 
(mlcmfter strips), 
prccoated with a spacitic 

monoclonal antibnd/. 
2x1 hnur incubfition, 
OTndafdranga3-« n 9/ ml 
dctaction limit: ^ nQ/mi 
CV: fntra- and iriteraaaay < 8% 



^0^ murv »iivm^-^ . . - p 

' TRAS5eSS-O-2000HAMBUSO40.aeRMANY.TEL.»40M»10^ wowM 

Write In Nq._ jtt% on Bcodct JServUg .Car j 



H 

98 



/2 003 13:37 FAX 650 324 0^ HELLER EHRMAN MID#5 

HellerEhrman 



01/27/2003 13:37 FAX 650 324 0638 



HfcLLtK fcHKMAIN MlUffD 



iW Mtfl >4c^. .Sci. VU 

Vol pa W17-M7;.?. December \m 

Cell Otology. Medical Sciences 



WISP genes are members of the connective tissue growth factor 
family that are up-regulated in Wnt-l-transformed cells and 
aberrantly expressed in human colon tumors 

OtANF Ptwntca' t, Todd a. Swansqn*, James W. welsh*\ MaRCajlet A, Roy±, David A. Lawrunce*, 
James Jennifer brush*, usa a. VaneyhiljJ, Bethanne Deuel?, Michael Lew*, Colin WaTaNabeII 
Robert L Cohen*. Mona P. Melkem** Gene G. Finley**, Phil OujRKEtt. Audrey D. Ooon^t, 

KENNCTtl J. HlLLAJf*. AUSTIN L. GURNEY+, D/WIP BnTxrF.rNktt, ANO ARNOLD J. LEV1NE* 

Ccpartraooo af 'Molecular OaCCOW. *Mo*ccu<«r Riolofiy, PWentiGc Computing aad fpattwlogy, Gcntatech Inc , I DNA. W*y, South S*n ff»*«Uc« ( CA WOW: 
■ *Unr-«iiw cl Pitsafauiel. 3wliwl uf Mcdiuuc, Vctti iw AduiiuioUtttiou McuiuJ Center, rlrti&urgn, PA 15Z40; rrUntverjlly of Leeds. Ixcos t^wrrunacd 
KtagJo-n; »D»pairra»nt of Ccact.c*. S<«a/w<I U*W«ity, F*|© Aho, CA WQfi; and *Dop*nmc/H of Molecular Biology, Ptiocciiw Uai-crdiy, frinceton, NJ 



CoalniafrJ Ay Ouvid BotStan urtd Arnold J. Lcviic. October 21, J 998 

ABSTRACT Wot family members are critical to many 
developmental processes, and components of the Wot s!enal- 
ing pathway hare been licked to turuoriecnesb in familial and 
sporadic colon carcinomas. Here we report the identification 
of h*o aeoes, WISP'l and WISP -2, that arc up-rccubted in the 
mouse mammary epithelial cell Uae C57MG transformed tiy 
WnM, but not by YYoM. T0£«Hcr with a tnlrd related cone, 
WW*- J, these proteins fleruie o suhntmity of the connective 
tissue ETOwrn racror family. Two distinct systems demon- 
strated wrsp Induction to be associated with the expression af 
Wot-J, These included (t) CS7MCi cells infected with a Wnt-1 
retroviral veclor or expressing Wnt-1 under the control of a 
Ujtr*cylin« repres^ibU promoter, and («) Wnt-1 transgenic 
mica. The WISP*] genu was lacalUed to human chromosome 
Sq24.i-fiq2d.3. H7SP-1 genomic DNA was amplified in coloo 
caacer ceil lines and in buroao colon tumors and its UNA 
overexprcssad (2- to >30-foJd) in 84% of the rumors oxa rained 
compared >n*h patient-matched normal mucosa. H7SP-3 
mapped to chromosome 6q22-6q23 and also was orerex- 
proved (4- to > 40-fold) in 63% of the colon tumors analyzed. 
In contrast, WISP-2 mapped to human chromosome 20ql2- 
2Uql3 and its DNA 1*99 amplificdi but RNA expression wzs 
reduced (2- to >30-ft>UD to 79% of tne tumors. Toese results 
surest that the WISP genes may oe downstream of Wnt-J 
a ienaUne a nd thai atjer rant levels or wrsr expression in colon 
cancer may play a rote in colon rutnarigencsis. 



Wnc-l ic a member of an expanding family of cysteine- rich, 
glycosylatod aignoJine, ptotams thai modiato civorso develop- 
mental processes such as the control of cell proliferation, 
adhesion, cell polarity, and the catablwhrncnt of cell faces (1, 
2). Wnt-1 originally was identified as an oncogene activated by 
the insertion of mouse mammary tumor virus in viriu-induccd 
mammary frdenocarcinomas (3. 4). Although Wru-i is not 
expressed in the normal mammary ^Und expression of WnM 
in transgenic mice causes mammary tumors (3). 

In mammalian celts, wnr tamlly members initiate signaling 
by binrline fo Che seven-rranJmcmbranc spanning Friziled 
receptors and recruiting the cytoplasmic p to rein Dishevel! ec 
(Dsn) to iHc ceil memorane (1, 2, 6;. Dsh then inhibit* ih= 
kinase activity Of the norroaJly constitucively active glycogen 
synthase kinise-3^ (GSKJp) reralting in an ircreica-in 
fj*catenln levels Stabilized ^^:a renin iataracts with the tran- 
scription tacior TCF/Lef 1, forming a complex that appoars in 



Tnc pueilcatiort cum of this an'cJc %ctc dcrrayefl tn part \ry gi^z charge 
payment. Tftls article rnusi fhtrctore oc ncicoy nwfced "ajvi/tutminr in 
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C 1993 by Th« \c.idimy of Soi.no* 0027-3424 17.412.05/0 

PNaS ^4i1jd)c an'mc if www.01144.ort. 



thc^ nucleus and binds TCF/IxH urECt DNA elements to 
activate transcription (7, 6). Other experiments suggest that 
the adenomatous polyposis coli (A PC) tumor suppressor gene 
alao plays cm important role in Wni signaling by rceulatuig 
^-catcnin levebi (9). APC ia phosphoryliucd by binda 
= to jS-CAtonm, and facilitates iw dcpredftiiou. Mutatiuns in 
cither APC or p-oalonin have been nssociatcd "with colon 
carcinomas and melanomas, suggesting these mutations con- 
tribute to the development aif theso type;, of oanccr, implicating, 
the Wnc pathway in tumorigencsia (I). 

Although much has bean learned about the Wni sicnaline 
pathway over the peat several years, only a few of the tran- 
scriptionally activated downs traam camponcuta octivatoc; br 
Wm have been chaxactcrizsd. Thoce that have boon described 
cannot account tor all of tbe diverse function* attributed to 
w a t signaling. Among the candidate Wnt target genea are 
tnose encoding the nodai-ralated 3 gene, Xnr3 t a member of 
the transforming growth tactcr (TCir )-|i stipcTfanjily, and the 
dom 30 box ijenes. engrailed \goastcc\d, /win (xrwn), and siamais 
(2), A recent report also identifies c-myc as a target gene of the 
Wnt signaling pathway (lU) 

To toemify aCditional downstream genes In the Wnt signal- 
ing DA'hway that are relevant to the transformed cell pheno- 
type. we used a PCK-bascd cDNA subtraction strategy, sup- 
pression subtractwe hybridization (5SH) (M), using Rna 
Isolated fmm C17MO mouse mammaiy epitneUal cells snd 
Cj7MO cells Mably triinsrormcd by a Wnt-1 retrovirus. Over- 
cKpresaion of Wul-I in dils cell line is sufficient to induce a 
partially transformed phenocype, charaacrtzed by eloniratcd 
and rcfractilc cells that lose contact inhibition and form a 
multilcycrcd array (12, 13). Wc reasoned thai genes diftcrcn- 
tiolJy expressed between these two eell lines might tomribute 
to the transformed phenocypc. 

in this paper, wc describe the doninu and characterization 
of two genes up-rcftulatcd in Wnt-1 transformed cells, W1SP-1 
and and a third related gene, W2SP-3. The MSP tencs 

are mombcra of the CCN famuy of cmwih faotors, which 
includes connective tissue growth factor (CTGF), Cyr61, end 
nov, a family noi previously linked to Wnt signaling, 

MATERIALS AND METHODS 

SSR SSH w« portormtsd by vi9infi tKc PCR-Salect cDNA 
Subtraction tCil (CLOKCEQH). T^ter doubU-slrojiticd 

AnTJfCvtatlQns; TCF, trln ;Co fining growth fuctcir; CTCF, conncciiv^ 

ciwac jyuwih Cswor, SSM, suoprtsJon stibiraccive nyoridlntlon; 
VW C voo WilUbrand factor typo C raodul*. 

D«a depotitiort: Th« v*qu«nc« rdported m ihu paper havo b<wn 

acpositecJ in the r.cnbanV (ktabiue (icccssion not. At\ovm. 
Ari007?a AnOOT79, AF100780 tt «d An007bl). 
To w h0m rapnnt ro^ussla shuulc be addreadod. c-maili diat\o@gcrtc. 
com s 
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cDNA synthesized from 2 M£ o/ poWA)" RNA isolated 
from the OVMG/Wni-i cell line and driver cDNA from 2 m€ 
of poly(A)+ RNA from the parent C37MO cells. The sub- 
tracted cDNA library was subcioned ln(0 a pGEM-T vector for 
further analysis, 

cDNA Library Scrflcnltis- Clones tncodlne full-length 
mouse WISP- J ^«re isolated by screening a AetlO mouse 
cmb.70 cDNA library (CLONTECH) with a 71 i-bp prObe from 
the original partial done 56S sequence corrcspondine W amino 
acids 128-169. Clones encoding full-length human WISP-} 
were isolated by screening AgilO lung and fcU! Kidney cPNA 
Moreno with the some probe at low stringency. Clones en- 
coding M-lcngth mouse and human W1SP-3 were isolated by 
screening a C57MG /Wnt-1 oc human fetal lung cDNA library 
with a probe corresponding to nucleotides 1+63-15 IX Full- 
length cnNAs encoding WiSP-3 were cloned from human 
bone marrow and fetal kidney libraries. 

Expression oi Human RNA- PGR amplication of 

firjuitraad cDNA was performed with human Multiple Tiasue 
cDNA panels (CLUNIECH) and 300 u.M of each dNTP at 
Oa J C for 1 sec, 62°C for 3U sec. ?2°C Tor 1 min, for 22-32 cycles, 
WfSP and glyceraldahyde-li-pnosphaie dehydrogenase pomcr 
sequences are available on request. 

/ri Site Hybridization. ^P-labclcd sense and antisensc ribo- 
probca wero transcribed from an K97-bp ?CK product corre- 
sponding to nucleotides 601-1440 oi mOUSC WW-/ or a 
294-bp FCR product correepondmg to nucleotides 67-? 71 of 
mouse WISP-2. All tissues wwc processed » described {^). 

Radiation Hybrid Maopinfi. Genomic DNA from eech 
hybrid In the Stanford G3 and Genebridge4 Radiation Hybnd 
Panels (Research Generics, Hunts^iHc, AL) and human and 
hamster control DNAS were fCR-amplified, and the results 
were submitted 10 tJJC Stanford or Maasachuwita Institute of 
Technology web servers. 

Cell Lines, Tumors, and Mucosa Specimens, Tissue speci- 
mens were chained from the Department of Patholojsy (Uni- 
versity of Pittsburgh) lor paiicnCS undergoing colon resection 
and from the University or UcdS. United Kingdom, Genomic 
DNA was isolated (Uiagen) from flic ponied blood of 10 
normal human donors, surgical specimens, and the following 
ATCC human call lines: bW^SO, COLO 32nOM. HT-29, 
WiDr, and SW403 (colon adenocarcinomas). 5W620 (lymph 
node rooUetajiis, colon adenocarcinoma). HCT Uo (colon 
carcinoma), SK-CO-1 {colon adenocarcinoma, ascites), and 
HM7 (a vciiant of ATCC colon adenocarcinoma cell line LS 
\74T), DNA coocencroiion was determined bv using HoechSl 
Oyc 3325B intercalation f iuorimetrv. Total RNA was prepared 
oy nomoKcnization in 7 M GuSCN followed by cencrifugation 
over CsO Cushions or prepared by usin* RNA20I. 

<*eue Amplification and RNA Expression Analysis Relative 
gana amplification anri RNA expression of WlSPs and c-myc in 
the cell lines, colorectal tumcrt, and normal mucosa were 
determined by quantitative f CR Ceno-specific primers and 
fluorogenic prOCes (sequences available on request) were 
designed and used to amplify and quantitatc the eencs. Tha 
relative gene copy numoer was derived by usinj the formula 
2uwj where ACt represents the fllffctcncc in amplification 
cycles required to detect me WISP gcacs in peripheral blood 
lymphooyls DNA compared with colon tumor DNA or colon 
tumor RNA compared with norma' mucosal RNA- The 
4-mcthod vvos used for calculation at tha SE of 'he gene copy 
number or RNA expression level. The iW/MpccitiC Signal was 
normalized to that of tha glyceraldehyde-3-phOSpnatc deny- 
droHcnasc hou 3 akeeping getia. All TaqMan assay reagents 
wcte obtained Tram Pcrkin-Blmcr Appt^d Biofystems. 

RESULTS 

Isolation or and WISP-2 by SS1L To identify Wnl- 

1 -Inducible gene j. -^e u3ed the techniqud of SSH using the 
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mouse mammary epifhcliai cell line C57MG andCS7MG cells 
that stably express wnt-1 (It). Candidate ditfcTcnciaUy cx- 
pressoci cDNAe (1,38^- total) were sequenced. TWny-nine 
percent of the sequencos matched known genes or homo- 
logucs. 32% matclwd expraaeed lioquenoc tugs, and 29% had 
no Gtttch. To confirm that the transcripl was diffcrentUUy 
expressed, scmiquanutativc reverse tmnscription-PCR and 
Northern analysis were performed by using wRNA from the 
C57MC and CS7MG/WnM cells. 

T*o of the oDNAs, m$P-J and WISP-*, weec diffcreniially 
cjtprcssod, bding induoed in the USTMO/WnM ceJI line, but 
not in the parent C57MG celU Cr C57MG celh overeipreSSlng 
"Wni-4 (Fig, M and B). WnK unlika Wni.l, does not induce 
the morphological transformation of CS7MG ceHs and has no 
effect on ja-caccnln levels (13, 14). Expression of WISP-} waa 
up-regulated approximately 3-fold in the CS^MG/WnM cell 
line and WISP-2 by approximately 1-fold by both Northern 
analysis and reverse tr an script ion-PCfi . 

An indopondant, but similar, system was used, to examine 
WISP expression after Wnt-1 induction. CS7MG cells cxpress- 
in£ the Wnt'l cenc under the ccruol of a letracycUnc- 
reprcsslblc promoter produce lo* anv>unU of Wnt-1 in tha 
repcessed State but Show a strong induction of Wnt-I mRNA 
and protein u/onln 24 hr after rciracydinc removal ffi). The 
levols of Wni-1 and wiSP RNA Isolated from these celU at 
variolic, times after . tetracycline removal were assessed by 
quantitative PCR. Strong induction of Wnt-1 mKNA was seen 
aa early us 10 hr after tetracycline removal. Induclion Ot W7SP 
mRN A (2* to 6-fold) was seen at 4ft end 72 hr (data not shown). 
These data support our previous ofcscrvadona that ahow thai 
V/ISP induction is correlarcrl with Wnt-1 expression. Beeauae 
tho induction is blow, occurring attcr approximately 48 hr, the 
induction of WISPi may be an indirect response to Wnt-l 
signaling. 

cDNA clones of human W1SP-1 were isolated and the 
sequence compared with mouse WWtf'-LThecDNA sequences 
Of mouse and human »Y5/*-J were 1,766 end 2,530 bp in length, 
respectively, and encode proteins oC 367 an, with predicted 
relative molecular masses of -40,000 (M t AO K). Both have 
hydrophobic N-terminal stgna' scqucntcs, 38 conserved o>e- 
teine reeiduec, and four potential JN-UnVcd £lycosylEtion sites 
and cut 8+^ idonu'cal (Fig, 1A)~ 

Full-lcagth cDNA clones of mouse arid human WISP-2 were 
( .734 and 1.293 bp in length, rcspcccivjly. and encode proteins 
cf 251 and 7.10 aa, respectively, with predicted rolative moUc- 
uiar masses of -?7.0Hn (M, 27 K) (Fie 213), Mouse and human 
WISP-2 are >3% identical. Human WISP-2 has no potential 
N-Unked glycofiylation sites, ami inOUSC WlSP-1 has one U 




w mm' 



F<c. 1. wjip- x and WJSP-2 arc induced W Wnt-l, tut not Wnv 4, 
expression in C37MG eslla. Korthcm onaiylie ot (A) and 

WtS?*Z (B) wprwion in C57MG, CS7MG/Wnt-L snd ( *57M<V 
W m -< cdU Poty(A) + RNa (2 ^) w» cuhjeeictf to Mor»htm &'oi 
tnalysw end hybndtxed with a 70«0p moubC W^AM-specifo yrobc 
(tmmo acldr 37S JUO) or a l^-bp WAr-.J-sriccilic vrohc (uuclootitl« 
1438-Ifi27) in the v untranslated region. 61u« were rdiybruiiaid w-th 
humafi H-tztin probe. 
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FiC 1 Encoded amino add sequence °^ raou ^^ 
b££> WSP-! W and mouse und n«m tt n iWflM W ^ P^f" 1 
tig^l sequence Imuiln-lite ? ro*th l^'* 1 "^!^^': 8 !?: 
vWiV tiuoobuwindin (TSP), and C-wrmmal (CX) domains ar. 

underlined - 

position 197. WSP-2 has 23 cysteine residues that are con- 
served amon* the 3S cysteines fountf In WISM. 

Identification of WKM. To search lor related protcuu. wc 
screened capreaaed taquen* tag (EST) Utataes *i th <hc 
WiSP-l proccin sequence and identified several w 
potentially related sequence*. W. id.nuBjd a ^ologous 
protein mat we Have called WISP-3. A fuLUcogft mnun 
MtfSM cUNA of ) np was isolated corresponding to those 
ESTb that encode a iSa-aa protein with a prodictcd molecular 
mo* of 39.293. WISP-3 two potendal N-Unkcd tfyeoayi- 
atiOA aitetf end 36 eyceeint residues. An alignment of the throe 
Human WISP pnoicin* shows that WKF-l and arc the 

most similar (42% identity), where* WBM has 37% ulcnury 
with WlSP-l and 32% identity with Wl&PJ iHg. M). 

wjSPr Are Horaolaeeuj u> tbc CTCF Family of Proteins. 
Humw H75P-7. W/.W-2. and *WS7>-J e» novel s^enoes: 
however, mouse W.W i* tnc same as the recently idanofietf 
£lm) gene. E/mJ is expressed In low, but not high, metastatic 
mouae melanoma cells, wd suppresses the *i *i*> eco^th and 
metastatic potential of K-V735 mouse mcianomc. colls 1151- 
Human and mouee MSP-2 a<e homologous to the reccody 
described rat gene, rCcp-I (16). SigiultCini homolop ^ (36- 
«4%) w« aeen to tho CCN family of growth laaors. Tills family 
includes three member^ CTGF, Cyr6l, and tte protoonco- 
aenc now. CTGF is a chcmotQCtic *nd nutopenw iaeuar lor 
fibroblasts thai is implicated in wound healing and tiorouc 
disorder: and U induced ny TOF-fl (17)- 061 l3 ^«n «oncaU 
lulor matrix cigiuhng molecule thai oiemotoJ cell adwioa. 
proliferation, rnigrauon, angtOgcneSiS. and tumor RrcwlMl*, 
19) rt^v {nephroblastoma overexposed) w.ap .immediet* 
early ceoe waociated w t Lh quftseenee and found aliercd in 
Wilma luTno« (20)- Tho prouins of the CCN family share 
functional, but not sequence, aimiUfity to >VnK- All we 
secreted. cyMcine-rich heparin binding glycoproccins mat as- 
sociate with the cell surface and oMracclluUr malT«* 

WISP proicinS exnlblt the modalor architecture ot the ct.CN 
family, charactered by four conserved cysiainc-nch dom^ns 
(Fig. IS) (21). lhe N. terminal domain, which mcludes the nr« 
12 cysteine r'eiiducs, contains a consensxw sequence (^?^- 
CXXC) conserved in most insulin-Ukc provrth factor (IGF)- 
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wiSP-1 
WlSP-2 



C3POr4 




Adult 



Fto t Encoded amino acid «qa*tu* Alignment of httHUiU 
^mV^l^7^ M of WISM and WW/ vm are not 
orescnt in W13P-3 ate uidicaud *Uh a doL w Schemadc Rwaoi- 

r«idu^ Hrticd Kiel}. The. lour o-SCtinc m-vlua a Aj VWC domwn 
^V«« absent in are indicated widi a d« (Q B*p#«»n of 

wrcj> mRNA. in numan ms*ia. PCR p«foim»d ~ 
multiple-asfiue cDNA panels (CLONTMI) *rem the -afi.catco aflu«l 
jumI /erat tbsucs, 

hiodinc proteina (BP). This wquenca Is conserved in WISM 
and WlSP.3, whereas WISP-1 has a glutamtne in the third 
posldou Instead of a glycine. CTCF recently has been shown 
io .pecltoHy bind IGF (22) end a truncated I nov procem 
lacking the TGF-BP dotnain ia oncogerac (13). The von Wl- 
kbrand factor type C module (VWC), elao fcund » cctta.n 
collage* and mucins, covers the nc*t 10 cpteiae n&AcM, ard 
is tboughi to participate in protein co«pl«^maho « and 
olifiomerization (M). Tl« VWC domain of WISP-3 drffcn 
from all CCN family metnoers descrlOcd atevwusly. in thai : .t 
contain* only vk of tha 10 cyrteinc residues (FIC- 3 Ai and ^ 
A short variable region follow* the vwe domain Tte third 
module, die chroabospoodm (TSP) domain « ^ 
bind.ng to inllaKd {lycocoajogaimi and contains ia cysieiae 
residue and a eOMcrwd WSxCSjovCG mouT Untuned in 
thrombO«pondin The C-tcnninel (CT) module cotitam- 
i na the remaining 10 cysteinw ui thought to be involved in 
dimemation and receptor bindlnc (26). CT dooiaio * 
M«£nt in all CCN tarmty mCn^Decs desaibed to date but if 
absent in WISP-2 (Fig. 3 A and B). The existence of a potativa 
u?nil sequence and the abtence of i transmembrane donuun 
sucaeat thai WJSPe ere secrctea proteins, an observation 
support by an anaryaia of their expression and nacUOII from 
mammEl«n cell and baculovinw cultura; (data not shown). 

Expre«ion Of WIST niRTSA in Human T.*cu« l,«aej 
specific eiptession of ftuman MSPs cheraacnijed by PUK 
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analysis on adult and retai multiple tissue cDNA pancb. 
tmi'-/ expression vas seen in che adult heart, fcidney, lung, 
pancreas, placenta, cwy, small intestine, and spleen (Fig. 3Q. 
Little or no expression was detected in the brain, liven skeletal 
muscle, colon, peripheral Diooa icutoeyies, prostate, tesclsVor 
thymus. WISP-2 had a more raUricted ti«uc expression End 
was detected in adult skaleeal muscle, colon, cvary, and fetal 
lung. Predominant expression of WfSP-3 was seen in adult 
kidiiCY and testis and fetal kidney- Lo*er levels of WISP-3 
expression were detected in placenta, ovary, prosuco, and 
small intestine, • . 1 v k 

In SUu Localisation of WISP-1 and Expcaaaton of 

WTSW and WISP-2 was assessed by in sine hybridiaition in 
mammary tumors from Wnt-1 transgenic mice. S Irene expres- 
sion oX WfSf.j was observed in stromal fibroblasts bi«£ within 
the Gbrovascutar tumor stroma (Pig 4/1-0), However, low- 
level WISP-I expression also wes observed focdiy within tumor 
cslli (data not shown), No expression was observed in normal 
breast. Like WISPA, WiSP-2 expression a'so was stcn In the 
tumor stroma in breast tumors from Wnt-1 transgenic animals 
(Fig. 4 £-//). However, WISP-2 exprowion in the stroma was 
in spindia-ahaped eella adjacent (0 capillary vessels, wherea* 




FlO. 4, (A. C £, S(\Q O) Representative hci\ato«ylin/«nin-atoiiJcd 
Images from breast turnou in Wm-1 traruflcalc mice Th« correspond- 
ing derk'Neld imagoj inching WISM wrw*sdion «ro fho^n m 8 *nd 
Z>. Tha lumor is a modoratoly w*lUifUr«iuialcd adenocarcinoma 
showing ividenc* of adenoid cystic change. At low powcr'^4'ui(l fl-). 
expression of WIS?-} is seen m the delicaic oranchinc fibrovascular 
tumor stroma (arrowhead). A' hi£i*f magpfflCMion. expression itKcn 
in me scromal(s) fibroblasts (C wiU t>). uid turner eella wc noeativo. 
Focal exweasion of W1SP1, howow, »-aa obeorvod in vmr'eenVui 
Mine areas. Images of WISP-2 wcpre«2ion a<* «ho*n in £J4, A£}<w 
power (fi and P*. «pre«icn of WISP-2 is cccn in cells tying within rhd 
fibravivcuUr tumor stroma. At higher m9£niWa*10n. tncsc CClJs 
aopearco to be adjacent io capillary vessels whereas tumor- celb arc 
negative (O and If). 
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the pre dominant cell typo expressing WlSP-l wae the 9troinal 
fibroblasts. 

Chromosome Localization of the WISP Gene*. The chro- 
mosomal location of the human WISP genca wu determined 
by radiation hybrid mapping panclc. WlSP-l is approximately 
ca from tie mciotlc marker AFM259xc5 [logarithm of 
otffs (loci) score i M i ] on chromosome 8q24.1 to 60.24.3. in the 
same region as the human iocua of the novH fernily member 
(27) and roughly A Mbs distal to cmyc CM). Preliminary fine 
mapping indicates that WlSP-1 it locatad near D6S1712 STS. 
. WISf.2 U linked to the market SHGC-3.1922 (lad « 1,000) on 
; cWmotonie 20qi2-20ql3.1. Human mapped tc ch<o- 

moaome 6^22-6^23 and ia linked to U\c marker AFM21U«S 
(lod - 1,000). WTSP-3 *a appraximatcjy 13 Mbs proximal to 
CTCF ond 23 Mba proximal to the human oellular onoogena 
MY& Xll, 29). 

Ampliflcariou and Abcrron t Exp reaalon of WISPs in Huaaa 
Colon Tumors. Amplification of proiocneofccnea ia sceti in 
many human tumors and haa cilologicid und ofOfiooatic sig- 
nificance, for example, in a v^c^cty of tumor types, e-mvc 
amplification has oeen associarcrt with insiigntnt progression 
arid poor prognosis (30). Because W7.VF-7 resides in the same 
general- chromosomal tocat«on (Aq'W) as c-w. we asked 
whether it wax a target oi gene amputation, and, LT SO. 
whdther thif amplificacioo u/as independent of the evnye locus. 
Genomic DNA Item human colon cancer cell lines was 
assessed by quantitative PCR and Southern btot analysis. (Mg. 
SA and B), Both methodr datacwd similar degrees of WISP-l 
amplification. Moet ocll lin*t cho^^d iiHiiificant (2- to 4-fold) 
.amolificttion, with the HT-29 and WiClr cell lines dcmonstrai- 
ine sn^S-fold incrcaac. Sljmifioantly, lh« pattern of ampiifica- 
tiurr observed Ctd net correlate with that obitsrvad for c-mytf, 
indicating that the c-rrrvc gene is not part of the amplioon that 
involves die Wi$P*l locus. 

We next examined whether the WISP ccnes were amplified 
In a panel of 2.1 oriraary human colon adenocarcinomas. The 
reJauvfi'WiP gene copy numhcr In each colon tumor DNA 
wis compared with pooled normal DNA from 10 donors by 
quantitative f cr (fig. nj The copy number of WJSM and 
tyISP'2.wt significantly greater man one. approximately 
Wblid'for WISP-l in about 60% of the tumors anf *A. lo a-roW 
iotWtSP-2 in 92% cl the tumors {P <: U.001 lor each), the 
copy number for WISP-3 was indUtinguishabk irotn one (f = 
a 166). fn addition, the copy number WISP- J was signifi- 
cantly higher than that of WISP4 (t 1 < 0-001). 

The lev«le of WISP tranacripU in RNA ixolatod from 19 
adenocarcinoma and their matehed oormiJ mucosa wew 




FiO.5. Amplification of WSP-1 g«aomit;DNA>n ^an cwcercell 
linis (A) Ampliftcst'Qn in cell Itn* uNa nas determined by QuanU- 
utive PCR. (fl) Southirn blots camamfn^ cenomic DNA (i.n ut) 
0'gcsicO v/-mKecKl {WIS?*!) or XDal (c-#n>c) were hybridiicd *uh 
9 100-bp human WISP-l probe {ami;w acds 16<5-il9) or a human 
c-.7i|c probe (located at bv W01-2000). Thu WISP and mjc £<oM tti 
dowotod in normal human fianomie OMAoftar a longer film axposuro 
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7« fl **»NO">y:r;: 

Tumor Number 

Fl0 . ft Genomic ^P»«««-^frm/^ : m ,P a 

? 0 ^XT» ~ means ± seM fm on* * " 

55i»*Th.«j»i««M was repeated (ule.sithr<»am«. . 

utessed hy quantitative PCR (F* 7). The level riOT^-i 

^ p Jcnt in tumor *•« ^ Tif'SfflS 

tome* I*, to >25-roW) tn (16/19) of tho 

SSwwU-i compared wlch normal ad,acer,t mucoea- 

fXimlorsshowedgrw^ 

^contrast, in 79* CW^^^ES 

tWS (12/W) of che colon rumors convpatcfl with tho norm* 



fl H n n 




..W3P.4 



l"H > "il ,, - M . '"** 



,1. 



„ IkViL 



M i\ !C * W* •« •* M ^ -i 

Patiani iuOukea Stags 
F,c. 7. HOT RKft. evasion in primary human «*» «"<"°" 

Pj(l)te«l«i. u I r ^™^ of V tumor is .is.eaumltr.hc 
don. In iriplicuic. me experiment was revea«ed « .»«•' i-<»- 
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mucosa. The amount of oppression of WlSPi raneed t">™ 
4- to >a0-fold 

DISCUSSION 
On* aooroach to undemanding the molceula basis of cancer 

Sdb and normal «elb. Strate«.« based on assumptions Ha. 
3*2^Smia levte *2lji«er wewcen norm* and 

Wn ito e of the genes isolated. WtSP-i. WKM, «d WSM, 
J^emoers o( me CCN fan* «f ^iS* 
includes CfGF, CyrM , and «ov, a lam* not pce»iowly linked 

W £o X'eHdenc scpcr.mencal system, den™^ that 
iWUMnduetion wis Mtaciared wi>h the cxorcssion of wm-i. 
ThSt^S C37MC cells infeowd v,ith * W„t-1 retroviral 
Icto" c f C57MG ecus exprcssine Wm-l under the control of 
T e^oyli»a-r. P r««iWe promoter, and the second ™ u> 

whereas not inal breast dsro* dc«* not. No Wifr KJ^A expra 
^» dc « ed irTwamm.ry ramo.« Induced Oy polyoma 
S5St mWdSl antigen (data not Itae <^«£ 

YftSP Induction was eotralotad «uh Wnt-1 expretf-on. 

by ^ «J«SS553ffi iSSSSa. or 

oTSJtfw^l tntn^rmntio... 'H.^ I ™'S$™* 
coald result from wnt-l sienallni dirccdy throngh Pjmmw 
^nseriptioo factor relation or altcnaurcly through^ Wnri 
ajflMlinfi turning on t transcription tetou «h*h » lun ' 

"ftwSS*. —d-wo..) a^flyof thcCCNfc^y 
of powtb factor,. One striking dr.'crcncd observed m 
protein soau.nec *C WiSP-2 « ic StS.nce o 

^donSj^^^^^^ 

««ptc1\inS%IS^2 mey bind its «^ r ^W 
daTerent region of the moleeolc th«« the o' h " CCN fa~ty 
mLbirt- No spdCinc receptor, have bee« .dentu^d for CTCF 
orria*. A recent report has Shown ihnl «ie«nn «A •« 

wi^ »rZse 0 .» tumor stroma in 
Wnt-1 transgenic snimals is consbicnt *ith piwous ous.r 
Z&L 2 r^criptt tor me rclaiefl CTGF p^ac arc pa- 
m«rcm^«e™in the tibrous suomt of raatuuiwy rumen 
7w eSX are thou S h, to control the prol.ferat.on o 
nect ve tiwu stroma in matnma.y tumors by a cascade of 
S^r^nals sim^r to thM 

interstitial interface secret* J^.p g [ ^Ureted by a large 
stromal V0^^^^ x ^^^ o(-hc 

nr^mShat «W-f end ™*>«?£2£ 
observlti in the Stromal ccU, that st.noundcd the tumor edit 
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fenitheBal cells) In «hc Wm-1 transgenic mouse »cdoni o£ 
( jit t^e This flndrtg <u eSC sts Ihci per^mo ««n«W 
could occm in wKieh the stromal cells could Wrt^S^ 
WSM^KauUm rumor eeii growth on the WISP ewacel- 
SKS*. Lomal eelUdcnvea factors 
matrix have boa, postulated to play » role m turn «r «U 
S„ „nd proliferation (Ji). The localization * »»M 
WSM i« *« «trcmal cell, of breast tumors WPPOIB dm 

%virr, d oi*/^^ 

human colon tumors showed a correlation ^"^.PP*. 

W7?f>-3 RNA w M seen in the absence of DNA implication. 
l7™ WfSf -2 DMA w« amplified Ac , <^°>»°£ 
but its mRNA expression was siewf.cantly reduced a ^u>e 
maionly of nimors compared with the expi««on m norm* 
Xic mucora from the same P.r^*§« 
WISP-3 w»s localized to caromnsorac 20ql 2-20ql3. at a repco 
Ljuently amplified an? associated with poor prORnoaa.in 
SST.2iK^S«« cancer and many colon cancer,, , sm- 
uTiheCunce of one Of more oncotic* a, this locus 
<3 c -3«). Becuee the cer-u-r of the ?Oqtf ampl.ee* has not yet 
Ln .dentifiec, it is port* th« the apparent u^**"" 
observed for may Be caused oy another iet.e, ut-.thu 

H-/5M describes the loss of «pr«s.o« of chtf gene after cell 
uinsforrw ion. suiting it may be a negate* regular of 
IS taeell inel (16). Although the meeiumrrn by wh ch 

RNA expression b down-rcgulated dun-* 
transformation is unknown, the reduced "P.™"^**"^ 
ta »ioa tumors and cell line, ,«<*,« that .. 
a tumor suppressor. These results show that 
u. aberrantly expressed In colon cancer and wtteet that their 
shared egression rruy confer selective e rowth advanug* tc 

^MeWben of the Wnt sienallne pathway hs*e been impli- 
eaud in the pathogenesis of colon cancer, brcaaceencor . and 
melanoma, inducing me tumor suppressor jc-ne adenomt^ua 
S« coli and /J-«tanin (»)■ Mumuom m ^cficree,on3 
of either gone can cause the stabilization and accurnulabon of 
cvtoSe (Uarenin, which presumably retributes to hu- 
man ^-U trough the action of urt« gcr.es: *«* 
« the WISP'. Although the mechanism by which- Wm-1 
fntrSorml cell* and ini.c« tumerioencs* « «n the 

Sication or WSP* as eenw that may be regulated down- 

tfeam of Wnt-1 in CS7MG eelk t u 98 «U they eooto be 

important mediator, oCWnt-1 

oon and altered expression patterns of the 

cow I tumors may indicate an rmportant role for thee genes 

in tumor Oevelopment 

We (HUK the DMA syntbau f row fa; 
Baker (or technical assurance. P. Dow« * «^!™ "J** ?X v' 
"willertMd R. NW« ih* wt-«prtMi»eC4 WnU cellv V. 
Du.it for e-cuesiar... «d 0. Wt»d »ci A. «ruca (Or arlworV. 

I Cdigm, K. M A Kuw«. H. (l«->7) rram Deii U, 3286-3305. 
J Dale T C. (1998) .««.W»-2». i(ul 

- fiiuKjmotC, A. S , OtWKhcdl. R-. Guiman, R ^ »«»<>«,. 

Viduro. J.. Godsave. Koriuck, v.. Rcoe.. J.. D»if«. * 
Ckw H (1996) Ce« aOPWW. 
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Real Time Quantitative PGR 
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Wo have davslopccl a novel "real tlllia" quantitative PCR method. The method measures PCR product 
nrrumuUftou through a duaMahclcd fhiotoecrile probe (t.c., TAtiMan ProUa). Thi* method provldoe V«ry 
accurate and reproducible quantitation of gsnc copies. Unlike other quantitative: PCK methods, real-time PCR 
does not require posi-PCR sample handling* prawnilng potential VOi product carry-over comaminarinn and 
requiring In much faster and higher riirpughpttc 1 assays. The real-time Kk method has a very large dynamic 
rar^e of .starting «an:er motecula det«rtr,tnatI6n -{it tviu llv* ardin of maenlrodej. fceaklnrR nuaiuitarlYc 
PCR Is exirpmcly acairacc and less Ufeor-iiuenrive than current nuaririrarive KR methods. 



Quantitative rvncwic acid seouence atritiysjs nas. 
hod an important role iii many fields of biologi- 
cal research. Mcasureinvni of gcnJtt expression 
(RNA) halt bftcii used extensively In mtmllofing 
blofojjirai rrspumt?5 in various stimuli 0^" W al. 
IV91; Huang cl a!. Id95tt.li; l'rucVbommc et at, 
1 995). QuaniliaUvr grnr analysis (1>NA) has 
hv^ii uicd to <M«rmtne the gufuuiuf ^uantUy of n 
particular gene, in the caac oft tic human 
gene, winch Is amplified in -30% of breast- tu- 
mors (&lacncit td al. 1587), Gene find geiiointr 
quantitation (DNa and una) aho have hccrvusMi 
for aoalysU of human immunodeficiency virus 
(MiV) burden demonstrating changes in the lev- 
wis of vl nu throughout the differed phws of thg 
disease (Connor ?.r al. 1993; JPlHlak et al j w:ib; 
rurradn ot al, lyvs). 

Many methods have been described for tin: 
quantitative analysis ot nnctalc acid sequences 
(both for UNA end DNA; Southern VjkS; -Sharp et 
al. Thomas 1?X0)_ Kocently, I'Cic itas. 

proven rc be <i powerful tool for quantitative 
uurlcic acid analysis. rcR and reverse nun.se/lp- 
we (KT)-PCR have permitted Ihc analysis of 
minimal starting quantities of nurtoJc aitcl (nv 
1<UU? as enc cult tf^Mivalcnt). This has wade pos- 
sible many experiments (bat could not have been 
ptfrfo/oiud with traditional methods. Although 
PGR lias provided a powerful tool, it is imperative 



' that » be U*CU piopajy for quamKuilon (Wamy* 
maekw 199S}< Ms<iy early ruporlr of ^uiniila- 
ttvt: PCR and RT-PCR described ^uantJUtfrm of 
U>e VCV. product hut did not meawra thft initial 
tWrpH sequence: quantity, It U c5.ienUa) to design 
proper controls for the quantitation aj the initial 
i/iipvT NcqucnccA (Hcrrc 1952: Clcmentl et al. 
J Of)?) 

HcSAAcc'licrs hrv<<. 4<vclope<l several methods 
ot quontitativ^ l'CK and HT-PCR. Otic approai^ 
mcafiores i J C3< product quarnlty Jn ihv ^xJvis*? 
of the reiunon before the pJateau (Kellogg <\ al. 
WO; Pantf m wK lUvfl). This method roquires 
That each sampler has equal input annnniis of 
nuckn<- ^cid and that each sarrpld vnda- analysis 
amplifier ntUi Idvulical efficiency up to the point 
nf quantiU^iv<i Analyse A Kcnc scquenco (rnn- 
tallied in a1L%omplc3 of relatively constant quan- 
mch a< Moiln) rati bo uwid for sample 
iioi|jKficflUon r/lieicncy normalization. Udng 
conventional jnwriods ot ?c:n detection and 
qnan(ii«tii.»n (gel electrophoresis or plate capture 
hybrid UEflUnn), It Js cjttrfemely ialwlous to aww.c 
that all *«inples ure analywtl during thu log phast* 
of the rcaalon (farlwih the tai^cl gent hod ihc 
hcnnalLzatinn gQX\v)< Another mdhod, quantita- 
tive competitive {CiC)"PC;K, ha;* beep developed 
■and need widely for POH quantnatlon. <i(:-i<;U 
n;ilej 07i the indtJslon of an Internal cxmtrol 
compcilior in wch r«action (Hnrkpj-Andrc 1991: 
Hatbfc t.1 ol. \99'J*,U). The ^Qcicncy of «och to- 
aclion is normallM-d to ihr Internal competitor, 
a Wurtwn AirrfuiMt of intcn^oJ co?npQlitur can bt» 



01/27/2003 13:42 FAX 650 324 0638 



Hb'LLfcK LUKMAIN MlUffO 



From : ST1L 



Dec. 95 2802 12:2iPrt Pi2 



HUL 11ML OUANIIUIIVI 



addod \n ouch unnpiu. T<i obia\n relative nunm- 
tflilon, llie unknown larfrct VOX piocUun is com- 
pared with the known coinpelilort'^K prodtiCI. 
Sueccaj of 3 qua ni UaM vc competitive l«Ch assay 

relies on developing an internal eiMiiwi niei anv 
l»i;rirt with the same efficiency hk the uugvi *i*a1- 
cvule. The detffCH of tlx c nnj^Kvi mid thv vfl)l- 

nation of amplification effideneio jeejufrc a 
dedicated effort Hm«mvo/ ( because QC-d'CK dw.** 
nut require iltat Peru piuduch bconalyxuc) during 
the log phfctfe of II iu wiupHfic&llon, M'"f* t n *< 
^■T the l ft *a methods ta u^r- 

Severn! dttrucUuii «y*lcnu uiv us.tid.ro* qmm 
UUtlve 1 J CK a>%>1 IVH-KUt &iialy«Ui (1) u^ru.^ 
j*els, (Z)fnxnoomi ibUciinx<»f rc;tt procuicu ftiid 
dctccilon wilK liw:*-(i\duor.d nuortAccnce vulu^ 
CApiUary «Ut<:tr(»|ih(irt.-4iw (Fhucc* »t ftl. WH- 
llams ci a1. or aerylwulde $vls f mid tf> pliiit: 

Cftptur*. and sandwich probe hybrid t/uiitin (Mul- 
der «1 bl. 1994), Although thetK* ijivOukIa j#r«v«J 
successful, each inernincJ requires poiH'OK ma- 
nipulations That addrtmu In the analysis ^ni^l 
<n«y lead tu hibumUny uiiMninlnaliori, "i"hc 
sample throughput u( Llivvr j««rtlujd» i> limited 

(wii)i Uk' rxccnuon or tin* nlftte opuuc ap- 
proach). nnti p thuntfrarc, these method* arc nol 
>uitc4 fw u?»w <tvnmnJi»^ h*£h sample 
Throughput (U\, jcrveulin; of Jar^e numbers uf 

Max vrv ixiporr me cicvc.inpii win «r a novoi 
uxiay fhr quinUtniv* atudyiriA. Thy «w»ay Is 
l>iorcl on the use of ihc ,V nuclvn.nr a.vay (hit 
described l>y Hollimd et al. (1093). Th<M»vihod 
ua*x ihfc nuclease AiuWhy of 7Y«/ pirlyincnvie to 
desve a noncxicndlhlc hyhridizaiion probe <3ur- 

Jtifi tl*c vxttiiwiofi ptifl^v of t*Ot<- TIh: niiprunsvli 
toeji duobUbclcO fluoro^cnif liybrldi/.ailnn 
piabci (Lee ci Kasdar l^lvoli 

wl, 10$£a,b). Onv Huun-wvut 0y\' ,n:» vvj ti* a 
rci?<jrici |PAKJ (I.e., o-cart5C»xynuorrjrctu)| and n.\ 
ciniSilon spcclr* U quenched by Ihc ftcce'iid fiuc- 
rnx«ffint dyr., TAMRA (I.e., 6-carlwxy-tclMmcihyl- 
rhodaminc). The nuclease dc}jrj»clitk>n of thv hy- 
hrkliKution \uohc rc!en\ea the viucuchlfig iii" the 
CAM flunrv«o:iiL ciuuiluu, moHln^ in an !n- 
\rc«3u in peak Ouoresecnl cmlaiion m 5) (a uin, 
11 1C use Of a itfijuence dcLcCiai CAIU I'mui) ,i)!cw« 
mcaiUfcmenT of fi\ivr«.«cunT mi wen™ ufnJl ^6 wll> 
uf me. mcrmai cycler connnvtniiiiy ciuhjik i»e 

iitonltiirvd in cvot luur. 'IllC OuUTul dttlfl 13 dc- 

scrlbeci ami q\rannr«jnve ^inalynb at input target 



WSLH.T5 

rCR Product Dorecrlon In R«<ii Time 

'Hie jjoal wflK t<» dcvcJop a hlglvihrmitfhput* 
rMW%f { piwl mit-iiraic gone ipijnM Gallon unsay for 
v--»c In monlltfirlrtft lipid mudiMcd tliwapflulic 

gene dclt^ty. A plasmld «ncodine liw">an fottor 
V1U gewo ccqo«nc«, pl'STM (s^g Methoth). wa^ 
vtwd as i modVI durrapculie k^<»« 'N™ as^hy upr* 
fju<*r<u^ni Taqinan mo.ihodalo^y unci an Insi ru- 
men I ewppble of nie«6VTriiiH nu«ra«c(i«e« an rc»i 
Unit (AW Prism 77no Sequence npirnor). Hie: 
U'nijMH-o rt^eilrtJi roqulnt n hybrid bmlSon pmlw* 
l«t>cled with, two dlffcpcm ntiunnxscnt dyev. Ojie 
Oyu U a fojXirlvr dy<i (1-*A.3^> # the od^cr Ijc a quench* 
Jyv VJhoii *hv pnJ**» I* lnls»<L (Uu»- 

iCKenl encrcy ftaiwi'ei' occurs the reporter 
dye f/uorcjwunil emission is absorbed hy \h0 
qucndilns <1yv (TAWHA). During Die <iMonMon 
phajte of the rcK cycle, the. fluoreseeut hybrid- 
ly-sllon fifohc U cleaved by tli* S'-.T nuelculytie 
oi*tivi\y of thr DNA pofymcruse* On cleavage 01" 

the probe, the report w dye cmisiion is jk» hmgflf 

traaifcrrc<t cNidcnUy to the (jncnchinu dye, to 

• U^in^ In an »n*;r»a*o of ibo vu^urlor tlyo ttuarc^ 

cent eiulnslwu *]*-^etm. l*OH ^r»«"c^ *i«J jfrubcn 
wen* destined fi»i ilnr human f**.-ioi VJ1J se- 
<juc«ceand huniar» p-^dln jjunv (n^ <Jt-*t r.'l^d In 
Methods). OpUuilicvtlon Tenet Ion > were pv> 
r^/m6d Uj choose II; e approprimo prubr and 
ftiK^nosKun conccAvralSona ylvldiiiH tlie lii^ln^ 
iiumsWy of leponcr nuoresecnt ai^n«l -wiihont 
wi<CfJf]<Sit^ f}xeJfieity. Tho InnUumonl uh<x a 
clifliKC«conpJcd device (Lc. t CC1> emncru^ for 
mc^^tirln^ ihe fluote<ccnt vu\Urdo:i 4pcvUn //yn> 
5Wi t« f,$0 nnt. Kacb IXIK lulx: *» M jnonUored 
Mtjvte'diaHy fur rrtnoc wiih ct.rtUnuaui inunl- 
OwwpbWil •* , « ! *»n|>Ufict!ili<Ml. li*«<;Ji l«bv 

was re-cxaTnlnctl every U.S see. Computer *c»fl- 
whre wtt»; doj:i^ncd 1« <ixai«bi*» ilt* fJnarcsccni In- 
tenuity of both the reporter djt: (PAM).nnd 
the quenching dye (TAMilA), *lne Hunrc«cnt 
inU-nsityof \h<\ qu«nchin£ dy«, TAWlUj cbuii^-b- 
v<-ry iiulfl nver ihe course of the PCk ajvn 1 lo- 
cation (dato nol dhuvrn). Thcr*fnrfl, the JnU-nsity 
of TAVfiiA dyt 1 einission servos as ah hncfnAl 

?:UnOtLrd whh which TO *»or«imltAui iho rvj^orior 
vlyi: (FAM) cjTtUilon vuimtions. 11 \t Aftfltoure 
cululea J valut: tvrmcd AHn (or AKQ) ualng the 
following c^uatjon^ ^ftn - (ltn J ) (nn") t wl, Q( -u 
Kn 4 '--enilffH|i;u bilciwhy at i^iw«er/einiw*#n in- 
tensity oi cjuencner M ony given t»n;c In ft i<?nc 
rlou tulvc, ami Km - oniiMoar* in+cntj'iity of 7<s 
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porter/ cnilv.lOTi liucmliy u/ Quencher incaMircd 
prior lo PCJs iiiuiiiUicalicm in ifcnr «mo jwrtion 
lube. )'ar the purpose* or quantitation, Uk 1«im 
tlirC*e d;ita poim$ (A Km) miicciirJ during tilt* e*. 
tension jttp for ench Vi'M cyck- *rrc dnnlyxcd. 
The niicieoiyucacgracunou onnc nyumij/«uaji 
probe n«nM during the t*xtcu*uM pliaw 01 ivn, 
nod, thwtffare, reporter fluurcsccm aiaiwjt In- 
creases during thfr time. Ji«t n»« data p<*im»< 
wat ftvcrogccl for cadi H-^t cyvlc and the im-tut 
vame for each wi; piortvu in an "ampwic-atioji 
jrloi" shown lii figure 3 A. The Alto mean value 2.1 
pluuccl on ihe j/«axiii, ant J Time, represented hy 
cycH* number, iv plot lad cm the *-»x;«. During the 
tarjy cycles <,f (he T'CK amplification, thr A\Ul 



value remains at base Hno when airncirni hy^ 

bridixallim juolic ha* boon cleaved hy Uiv Tilrf 

polymerase nuclease activity, the imtaisiiy 0/ re- 
ports fl\iiir«(«rti eflftUalou Iiiwuukcv. Mod PCU 
DHipHflUillonjs rvacJj a t'lalcou ph\\r\v of ropoj-Ur 
ftuuiL'smit smiMfon u TUtr ratuium fc carried 
io hlph cycle muuUi>. The ornpli'firailon plot h 
cxaiiilnul vaiiy J11 ilm reaction, Jir a paint irwi 
icjwwcnti: *lu« log phnuv <»f ptmluci arnunulg- 
tiuii. This h (io no by us&ignfn£ at' suijiUu'v 
threshold tt »ut (k Uitod on the vnriiibiJUy of the 
bosc-IiiK* Jma. in Figure 1 A, Uh« threshold was set 
at ic sianduro Uuviunonii alxivc the mr.ni of 
V»a*o iJnf Oflibvtun calcubT*d hum tyiily* 1 lo 1 5. 
Once the threshold is chosen, the point at which 
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wgure 1 PCft product detection in real fmc. {A) The Moaei rrco win construct amplification plots 

tro»n the exion*ion pKat« fluoroficeni ftrtthiion data collected during the i'CR amplification. The standard de- 
vwtiort is determined Uotrx the data points collected from the bwc tore of the Amplification plou C, v^Kifet aru 
calculated by determining the poini m which the fluorescence exceeds a threshold limit (usually 10 times the 
standard deviation of the base line). Overlay at amplification plots of serially (1:Z) diluted human genomic 
DMA san.plos ampiifiad with f-Actin prime«. (C) Input ONa concentration of ih« samples plorcjd varsw C T . All 
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ihc unplMcetton plot crocks UK* tlxrcihoid'u-ttc 
fined as C r i* rcporl«d -j« tho cyclo numbw :rt 
thi* iKiiut. As will bo d<rrnonsuut«d, ihi» c:, value 

1.x jHeJlLt'vt or iho quarrlity of lnjH»t birynl. 

Va(u«t Provide a QuantlUlJv€ *KeaHM<*cmcnf«oF 
Input Tarter Sequencer 

PlgtJiX! 1H <liow« jmpJificHlicwi plot* of Hi 'dilig- 
ent PCR amplifications overlaid. *l*hr ampttfca.i. 
none wore performod on a 1 ;2 serial dlhjttcw u» 
, btmian genomic J>NA. 'J"hc amplified tar-Rci w;u 
hunum p nctin. Tfto amplification plot* *thifl to 
th$ riflM (to higher threshold cycles) n& the input 
target quantity it rod uced. *J>s1ii tt AyjKctod h«. 
{•jjiwa rxutctlnm u/ith fuw^ ^tRrHn^ oopirw of the 
target molecule require greater aiiipliflrrKlcui to 
degrade cnmi^K probe to irtratn Mm* threshold 
fluorescence. An arbitrary threshold of 70 stan- 
dard deviations above thr b*wr line was \wstl to 

OetUTinliiv the C r value*. W&ujv 1C reiJicKcntN the 
O r values plotted vvraus (be pimple dilution 
v^hic, frirh dilution was nmpimcci in triplicate 
pf ;*i iimp I HIcnficinK and plcittud a* uiciw vnhicn 
wUb crior bnjs reprcyenunjt one standard devia- 
tion. 'Da* Cr virtues OCtTCctsC linearly wj I h JlKJxttS- 
in$ target quantity. Thus, C r yaIuuk am be used 
as (t <pwmT5ra?Wc measurement of Oic input-target 
number. It should be noicd that <lu< amplifica- 
tion plot lor the 15.6- jig sample jtiown In figure 
IB does not reflect thr same fluorescent, tatv of 
increase exnibuad hy most of (he omcr samplei 
The 15,6-nr; sample al&j aihiv.veN ttndpotnt pia. 
tcau tit « lower ffuorfscont vpjuc than would he 
expected t*a.*cd on thy input 1>NA, Tbb phenom- 
enon ba.i been observed uccasfunairy with <<fiu<r 
*flmplc,i (daia not shown) xtul may t>o attribut- 
able to lata cycle inhibition; thw liypcMhwb i*; 
*lill undrr (nvcati g^lion. U Is 'mjvni4inl to nore 
lh*i tlu» flattened <Jopo and early plateau do nor 
iiopaci fupiffkviniJy the c^lcuiaipci C n vuhiv 
dcnioa^ifhr^d l?y the ill on ihc lirtr slurwri-in 
Ft$uu>. 1 C, All tripHcaic ampllflrailiijis rvsnnt'd in 
v^try simllai d valUCi— UlC SUirtdard deviation 
Old nor exc«ed 0,5 for any dlJuUoji, c^peri- 
iTiimt contmna « > 100,000-fold range of Input tnr- 
nioJrculCS. Using C, values lor quailUlallc-n 
permits a much larger assay xnnsMhan di/cc(ly 
ttfiinc loml fkioresccm emission inlcnsily for 
quamliation. The Hiwar range ol Jluoresccm In* 
tfciuit? mcasurtmftnt of Die AIM rjiam 770H Se- 
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rm*nfjc over n very laijgL' ra»n<« nf rt-lallvr* ci^nmp, 
target <)<ianm(M<). 

Samplo Preparation Validation 

sowra' pai-amoters influence the ^fiUr^-nry 11 f 
PCR amplifw-Jtlion: mo^nc«lum and 3tuH eoncvii- 
iriiiioiK. raalon cantUUons; fl-c, tutu*, vnd iam- 
portiLui «), PCU I Argot siflc «nd conipoiitlon, 
prirnor sequence!, and ^rnplr puriTy. All Of Tlic 
.alK>vO lacloJJ W coinim»« to a wiu^k J*Cll UZH&y, 
cxcrjjt stunple lo sample purity, in ail of/ori to 
validate the method of tampi* preparation fox 
the lacior VJH tusny, J»CK orapJiik'aT^m irproduc^ 
fhlMty ^nd fificlency en w icpucaic snmpJc 
]m>|»ur;ttioii<; w<tnt ttKUJUtn^d.. After genomic 1>NA 
wjw jircfjanrit frum iht; 10 rir|ilkai(2 samples^ uic 
UNA was tjunniUated hy ulUavjolcl speeirosoopy. 
Ampliricatlons vcic pcrfoniicd auar/xln^ p-nnln 
xaic content fn 100 aJjd 25 of tol^l Kwunnic 
DNA, luiCh \ l CR ampllflCflllon WS perfotmcd in 
UlpUcaic. C*oinpArl?i«ii of C ( vaiuus for macU trip- 
licate ia_mple show inwdmui variation Uanvd ai% 
ainndard deviation and rocfflcfpiiT of vjirinnce 
(jvioig I). iTierc/ofc. each ol the triplicate P<:il 
^inpiifictftior^ wiu hl^ry fcpforiuclbh'. demon- 
airatlne \lr<a r^l time KJRusbig rhk imtrvman. 
tflilfni irurothJce* mini m til variutlnn Into the 
quajitiia(iv<; j'CJl ai>iry^l3. OhiiiihtIsoh of r»ie. 
mean C n value* of th* 1 0 »«plicatc s« tuple prcpu- 
rations nUj showed minimal variability, inotcat- 
inffth.lt CJCh WimpJo preparation ywl<lvd sijililar 
rciiUtt for f<-,icOn geoc quantity, J*hc hJjrhwi C: T 
difference between any of rbe samples wai 
;uu1 0.71 lor u\q j(X) end 35 nfl uimplcs. reiptn* 
tiw«ly. Additionally, the amplification t<f vodi 
snmplr* uxhilalrwl ar» cqulv/ilcnt rale of ntio/cv* 
cent emiwion inlcnMty chanft"e pej* amouni of 
1>N?A target analyzed as indicoicd by similar 
a Tones derived from the iamplc dilution* (t-1jj. 2). 
Any MOQplo contaioinff an ckccji of a I'CK inhibr 
lor would exMhi* a ^rt»at.e/ measured |3-actln c, 
vafuc for a glv«n quantity of UNA, In addition, 
ine JnnilxSior would be UUutcd ajnn^ wicn ihe 
Anmplc m chc UlluTttjn an<ilyM*s (H^. 2), ahcrla^ 
lilt! expected Cl^ viJuo change* rW.h Kamj^c am- 
pjjficntion yielded n iimliar result In rrur analysis 
demonstrating (bat this method nr xampic propa. 
ration la llifilily reyirnducihle wflh regard to 
snixiplc purity. 

Quantitative Analysis of a Plvinid After 
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TMw 1. Roproduc lb Billy of* ample Pr«*|>aFAtttti» M*rtH©«l 



9 
10 

Mo* 



100 ng 



Samplo 

no- C T 



tftanderd 
m6bn devloOon CV 



lfc,24 
18,23 
7fc33 

ia.33 

1K.33 

ia.3 

U.3 

1S.42 

18.1$ 

1&.23 

16.12 

ia.« 

1&.3B 
1S.4* 
18.54 

10 

1B.2B 
18.36 

1*.4A 

U\7 

1$,7> 

18,18 

183<< 

1*,36 

18,4?. 

lfl.57 

IS.filS 
0 10) 



1«.27 0.06 0,37, 

1M> O.0<$ 0,3? 

13.34 0.07 0,36 

1$-23 o.oe , ~ r±A6 

18.42 0-O4 0.23 

1$.M 0,24 1.2<J 

0.12 0.66 

18,63 0.16 0.83 

1fl«29 0.1 0M 

i*.:V5 0.12 0,6S 

13,12 0.17 0.90 



20,49 

20.55 

20.5 

20*61 

20.59 

20,41 

20.54 

20,6 

20.49 

20.4o 

20.44 

20-36 

26,68 

20.87 

20.C3 

21.09 

21,04 

21, 04 

20.67 

20,73 

30.6S 

20,98 

20.A4 

20.75 

20 AS 

20.54 

20.43 

20,79 

207B 

20.£3 



25 ng 



moan 



20.51 



;o.54 



20.54 



20.4S 



20.73 
20.66 



standard 
deviation 



0.03 



0,11 
0.06 
COS 



yr\y\ 0.1 3 



21.06 0,03 



20.66 0.04 



20.€6 0,12 



20.51 0.07 



0.1 
0.1 P 



cv 

0.17 
0,51 
0.29 

0.26 

0.61 

0.1 < 

0.2 

0,57 

0.32 

0.16 
0.94 



tor tXJju;iinJae a partial cUNA (or hujcu<ui f«otor 

vm, pi-'crru. a wIvj vf unntfccUons was set 

\ip usinfc a decreasing Amount of LhcpJannicT^O, 
4, and o.l ^j*), 1\vt:iii7«fi*iur pwM- 
(rtJMrfcrltmi, loitil hNA was purine fttuw each 
flask of Lriia. pvwiin gtru* ijuttutlly wai divxn « 
a «nlur r<ii* nomialfcainin ofjivnuiufc ONA con- 
eairraUon Cftwutfttdi ymnplc. hi litis cKpeijimmi, 
p-acan a«nc conic ni should remain corotam 
rcl&tlvc ro total jdCJiUIJilc DNA. H|jutv3 xtiow* Uic 
mvJlt or (he. p-actui UNA mcttMircmcm (100 n& 
loud DNA determined hy umavfolet spectros- 
copy) o{ mAi «¥u«j4«. Kach 4&fnpte analysed 
in triplicate ano me mean r-aciin C r values of 
the IxipltcateA were plotted (trior bat* represent 

^-....Urri nowuimni 1 np ntfltiPjCT nifTrrrnrp 



bvh^v-.u j>«y samjila mam? was 0.1*5 C„ Ttn 
nanograms of total UNA of «JcIj f>»npio wqj-a al«> 
examined f»« p«acLln. Ilic Jesuits o^idu showed 
Umv very similar amounts <U genomic UNA wore 
prrjfciilj tltc maxim um mean ji sictin O, ^*»luc 
dirtvrcnec wit J.C Aj J'isure 3 ^l\ow,'„ 0\t: mtc of 
p-actln CJ r UliufiK^ l>ctwoci3 tho 100 aud 30*otf 
jninfilc* >v«i s/mllur (.ilopc vojucx raojjn Iwtwqcrn 
'<.5rt and - 3.45). Th;.-: vcrii^«s again thnt iht? 
iiidhoO of iiampU pTOjwatlon yiekb of 
klcntlcal PCH integrity G.tu, no r.atnr^ cu»itamed 
Jin OXCCSfcWe auiouut of ^ X:U (ahibit6r). TTnw- 
evcr, IhCM: K-suJts Indian* that chcIi sample cun 
talned *H$Kt dirfvteiiw in th« PCt\iAl amount of 
fcwuimte l^NA aua1y>xd. Dctcnnl nation of actual 
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^ 










10 








18 




1 $ 1,4 



M 



ltd 1,0 i.t i,d Cfl * 
tog (ng ippui o^momt DMA) 

Flgun* 2 $4f npl« preparation purity. 1 he replicant 
-ia«T(plti shown In Table 1 woro also ampmimj In 
tripicata using 2S iig of eaCH DMA iampio. The fie^ 
uie *hoi*s iSit input DMA conccnt/Mion (7 00 end 
25 ngj) v*, C, l« fSjuro. l^o 1AO nnH P£ ' fig 
potflU for «ch (ample are connected by a line. 



by plotting the menn fl-uctin C, value obtained 

cuiv* (show*) in The <iaUinl f^iurult: 

1>NA coiicc*itratfi«) t*f each sumpl«. **a<s Oh 
latacct by extrapolation to this ^axU. 

l 7 ;^ir<i 4A show« Uve jiaoji»ur<]d (f "nurt' 
normalised) suuii lilies of /aUur VJ1I jftn.tiTlUl 
(pj'CTM) from each' erf the four transient cell 
tr* Ion A. itatfb reaction contained J 00 Op of 

Loml sample 13NA <a* detenitiiuvi by uv cp<^w<»* 

copy). 1 ; A«1> Mm^lu 1 Hitol/JscJ in triplUMlc 




m u 1.0 

la£ (ng inpiA 5NA) 

Figure 5 Analy&U of Imnifeetcd cdl DNA quantity 
and purity. I he DNA preparation* of the four 293 
CflJI transaction* (AO, 4, 0.5, and 0.1 |ig of pPSTrvl) 
were flnatyTwd foi the 0-tctln gene* 100 <jnd 1 0 ng 
(determined by ultraviolet spectroscopy) ;of each 
sample ware impilfied in triplicate, For aach 
amount of pf 6TM Hial w« tramfected, the fcJ-ncdn 
C7 values arp plnnH versus rlie total Input DNA 



U1 Al TIM* ODANTiUllVi: l*U? 

Vc:fc MVoplificatiimK. Ah ahawn, pl-BTM p^nfivd 
ffiuir.mc 29:1 cells decrease* (mean C, vaJuev ln. 
cruti*^; with JuCrcaiing amuunU 4if plsamfd 
tiruiobxtcd. Th« mean C 4 values obtained for 
pl-VTM -ffn Tlgtiffi 4 A were piuttcJ un a tUnd'jrd 
curve o<m priced uf hilly diluted pFBTM. 
shown .tn Figure UR. TUu quantity uJ p*'KTM, h, 
found in wxh of the four transient ions wiw dt*- 
tcrmined by ocfrapnlauon to tho > axli of tbo 
Mondird vurv« in l%urc 4U* 'flMMa uiKorrcntd 
values, for pl'HTM )iurmxti/4<rl m rtticr- 
mint/ O\o 3du>l 5<m«^unt of pl^d'l^ fwnd p«r 1 00 
UK <»f Kcnomic ONA l»y using the equation:. 

h X ^0 0 lOt HCUial pfWI M CdplfeS nei- 

J ~ iCJOngof cciKinUcUNA 

w)idr*5 a JCtuiJ ^ciitdnic HNA fn v jsample and 
pl-H't'M cppic3 /rom the stauOoxO curve. 'Hie 
ilufmajixed yuunilly of pt'ft'VM pC* 100 nfl of /c^>- 
nnmic ONA for c«eh i*t the <Vur f rfin.Vfcr.U01u is 

snovvn m Kijjure *JJ- "Hictc rouih Mujvj uu; the 
qu An illy of facior VUl ply^UilO itywOuH-U wHli 
the Vt?> tells, 21 lir after (ramA&fiofi, Oiu.ie.iM^ 
widi uccnuaUm |i!H,*iinHJ uinLenuatJcju mcci iu 

ihe liaiiaffcclH" 1 - "Hit: quantity of piVJW ftswvl* 

utcd t*Jlh Z95 eclui, (ifivi uansfccilcn rrtxh ^0 
Of (jUKiiud, was 35 pg per 100 113 ^vmomk- DNA. 
Tliis rcauin in - S20 jjittaml^l copies pcrivJi. 



orscussioN 

Wo liflvc dcscxJbcil a new method for qunntuiu- 
gciic eopy numbvr* tt*;n^ /«aMlme «n«iyM.«t 
of 1HJH ampiificatlnnx, Real'Umc VCK awnpat* 
iDic with cJTltVT of Uic two FCU< (KT-PCK) ap- 

UitciJiul ujiupcilwr -for cacti target sc^ucno; b 
i wed for o.ojmo^lixuUc>n (data not (thwwn) or (2) 
quauitiaUvr comparative l'cilt uiJug 0 uiuniaUzA- 
6011 gene contained within 1 he sample (i.e.,, g-ac- 
tiJi) at 0 "liouiekeeiJiJi^" tfene for ll'l-PCK, U 
equal amounts «f nucleic udd fixe acuiry/^il 1ar 
<mcti tatuplo «nU if tl\C ampHflt^tloij vf/uieiKy 
htfore quantitative aiuilyai* «3 idenucol hr cndi 
Simple, 1f)6 lTHt;niaI cofjluil (tuiraial^alion ^^tr 
ur competit(Jr) should ^ivc izi{n*l >w*aU for alJ 
sample*. 

Tho rcaJ-tim*? JXIU mcthcwl offers sev<md ;Ad- 
vanttiRW <irvtr the enher two mdhodi t^it/cnUy 
employed (*ce tbc IntTudtirUon). Mrst. \hv real- 
time PCK methwef Is performed in h dosol-tube 
iystt'in imd requires xu\ |wki-1H:k manipulation 
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rtann>Jfl U«Qtf id WHUJactlfm ill 31 



v. 




« fl ur* 4 CuftntlUlK/o anaiy^ * pFSTM in irjmslcCU-tf cclfe. Mi Amount of 
pldimfd DMA u^od for lh 0 ir«njf«cUon jtfcucd flfiairtsi U.u htuMi C, value d«ier- 
mirwri for pfgTM remaining 2-f hr OHcr <r<;«sfoctton. (C,C) Standard CMn «, of 
C-i J j ■ ,f T 0 '.'' J^P^vdy- PWM PNA <*) «n<J genomic UN/\ CO were 
diluM tor-lady 1 ;i bef or * ^pW[ c ,u« with iK. qppmprimc prfmers. Tfcc m-scImi 
COn/ * Wa " Us0d l ° fMWn, » ,i ** l^c '««lls of/1 to 1 00 f ijj or qenomic DMA 
CO) Tho amount o! pfSTM present 100 njj of genomic Oima 



nf !uim,»]v. Therefore. Uti« pnU'iMi*! for PCH con- 
Iflmtnaiinn in \ho i<i]xi«»u,fy reduced because 
AmpJUW prtrducu luii analyv.tKl and disponed 
of v^chmn opening Uu« ruutninn lube?. SccumJ, 
(hii nurtVW *Mj>potln ihc u.m: uf a nurnujIf^Uou 
Rono (i.c.. P-actui) for quantiUliv* f*CR or houstr 
keeping far ijimnCintWc RT-J'CK ronuols. 
Analysis h performed in real tunc during the Jc£ 
phase of product accumulaflcm. Analysis during 
plwc penniti many dlrA-tcnt fcejic* (ever * 
vrldc input tarfcet ran^r) to be ttnojyr.c** Mmuint- 
iuhjiueSx, wlthowi con™i of reaching rentikin 
pluWimi at different cycle*. Thi* will maU multl- 
£cne: analysis ajjuy, much carvlo tv develop, ho 
cnu»c Jmli<ntrual interna] uiJin^Hon wfli nut be 
needed for ench gene under vnoJyola. Third, 
*4mplc throughput wiU Uuicd>c dittiii«(U4U> 
with Ihc UCW method h<,cfcu«e. tficiHr i* no jkiM. 
I'CU proccrw!n$ time. Additionally, writ king \n a 
:J0-WCll format h highly compatible a\iUh 
tuatiOrt tochnolopy, 

The rcdl-linic l>Ctt muthod ;.s h^hly icprc»- 
ducibk. AcpHcatc ampilficattons can be miHly^t 



for^ach &.iinpJc nUitlinlidrtg jHMcrmoi cnxir, Tim 
«y<nnfi i*Mo w#i <Vt q very Io/£c 4,ssay Uyn&n?U: 
rttiiRc fa|i|iioa(t1Hii^ 1,000,000-fonj Mnnixu; Ui- 
itul). Udiny u Maiulanl <njrv c for the tancel ol In- 

twttt, n-lHtivc coiry nuniuer vaiuw can be dcicr- 
mlncd for any unluwmi >a!»ijjlc- Wmirraccni 
(hr«}iold rqJucd, C JV wndair lintwly with rela. 
tiv c i>NA wpy nui«ber.t. Me^J tiipc ^wuiUdtlvc 

h^ «ho been dwioped. TUizliy^ teal Ui»« c,u rt /i- 
tHatlvr f'CU iTioil-KKJuJcfgy e<m l>c u>cd iu^lcv^up 
bi£h-\hr©u£hptu ^ciccnln^ ways tor n variety of 
appIic3i)on3 fqu/uitilnlivc geno anfavbwuu fK'J^- 
rCR) ( fiQlH OJ,^ ««»aY3 (Itcr^/ IJ1V, CIOj £C/lfi- 

typinft (kiuickoui itio*3sc tnolysi*), und Imoiunw- 
rrjij. 

UmKtinic FC\\ itny nhn be perfonmrd ujin^ 

»jiJvidium bromide, fhc fluorogeruc prohe 
ri\c\ hod offers a ma|or ;idvantaa« over 1nie,r- 
flAlating dy«9— areata jv^^ c ^*7 (I.e.. prLmcr 
dlnim ^ind no« sptrtHe PCU product* sr« not dfc- 
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METHODS 

Gsnomlon of 4 Pf«mM CunUtntns o r'ortlal 
cDNA Tar Human Factor Ylil 

Yutfil KNA r-<» hnrvraicrt t»HA^* » T*nVcl r Inc., 
Wn-'idftwood, TH> fiviu wjl> t • Affected *-MU tt ladur VI I i 
«'N]frc3 7 luti •nxlo't pCt31.trV.kM J (Koumi <Jl nt dor. 
man o al. 11*90). a fjciur v|J| partial ctlKrt w*i|W-fkV WAS 

^•noTAUAi uy irr przu i<:<"i«An\z> i</. run una ITU Vm 
ffpuri >fQtifM!iy^x*i:Ari>iHij )iu>sy«cin> J i^m'i 

uilnjr, the I'<:h pmiicfs Vttot *ml 1-fUc-w C|trjiiu<r «nunir<** 

at* shown bduwh Tin- aiTijrilcoi) was icjinnilfird u^tnc 
modified Afld primers (iijipeiuU'd with huutm 
pn4 t/itn\\\\ rvsl/icilnn Jdrc Jvqucncc* fl» II iv V <*|trlr *nrt 
cJanvc! Into pOKM- 32 aVun«*<i Corp.. M^waa, Wl). tjic 
fciullltijgclanr, t-VSTM, w« impel Icir irhiMivitt iratufcalon 



Amplification of Target DNa am! Dutcilon of 
Amplicon Factor V»IP|3smid UNA 

(pWM) rntJ mnplifioTi vrUU tliv piiuim !W<jf 3'-<X*C> 

ci'KK^^AiiAUitJAixnOTCxi' and .i>AAA<xrr. 

<UCCCI*<?CATt?(n , AOO..V. , lln: ri-nvdojf pivduml.ti 
Ijp ia':V prtKluci. Tm* fnrv/iirU Jirtim-f woa dvalEiiul hi IVV 
ngnlxc a unUjuv m^imm»i< Ah nid hi ihc 5' un t rain! ft led 
teXHMi of ihu -.nival pf.U52.Si &$ J > (lifr^nM dud thwrforr 
riwi iimi iwi^mUu >i'fJ amplify Uiv tumuiis frcpir VIII 
avuv- I 'rimer* tvvw chuHuu will* Uiv «**iiUtirr nf ihf mnv 
pulcr piognm Wi&v -M* (Muiimiul Uhiariciirvt, inc.. I'ly- 
mnutk, VdM). Th* human p-acUw grw **tn Rmullflcd vrlili 
Lite prime* '<4*t~ A rd primer £ ' *1>CACCKViCA< TtXYC 

CCCCA'iXrVACCA-2 1 and JWirliu reverse -"utmoi V.<:a<;. 
COCAACCX^rit^riXiCOAJXJG-a'. The rniciJon pro- 

OliiT'Ctl J 2V5 hp 1*^11 |ifrtcUid. 

Amplification fwcUon* (50 mJ) cviimiuvil a I)Na 
^prmpt?, U»x W;H Hufft^r Jl (b ^1), 200 jlm i\A1V t WAV, 
aGTP. fl/id 4(W|%m dllfl\ 4 inM Mx<:)„ 1.7J imiU AttljU/ 
7Vn; ONA polym«o«!, 0,5 UiilT Ainpr^«3V umcli rV^iy- 
**ny\unv (UM) t At p rt K.I« W^cJi t^\tfi VJ]] jirlmvi/and 1J? 

pilNtlt. i/«u<j!. |1 A mln piliftM. '/Iter iMvthm* fltMl tvntiilncJ 

on? of (In- foMvwinfl ^f{ v <*<i«n (io« nw roflij; 

ni:t:iT(TAX4RA>p J' «u<J p-noUu vrobc 5' (TAMJATO^X:- 
XCJ'AMJU)CCCCf^TC;c:C:ATC l ^3« *t!irrr p ln<ll<aici 
pWnflpltorjrlAlion And X interne* & tinker anu flucl««Uil- 
Hea<U<jn iuW* WltinaAriip Optk'fll llibcj (pan AUOV> 

li^r (0k/ii 1*orW3< W«4vj) uiai wuw fro«cU i\frJilii 

niniffi) (*> ii^M from ^flcctln^i Tube cops wwt 

ilm;Uvi« MU-«vAiii|l Oupj UU JftrctAjly (lcilflaC*' lO JWO- 
^"1 Ij^rli* iva! Ivr^-'g. All <A \\»«- VCAK ani/iuin(J)lvi WCK SU* V 

ru<r.u»r viu pciiticn* >»JiJv1i svmhrsixcu m Ccuvm 

i«cU, Inc. (Ji^Oi ^"djco, CA>, |*rolK» *-i*rv dtoisn^ 
uUi> 5 the Ojl^ty 4.0 .Wtwatv, f«lUnv|j1>; SilliJoIliiqc SHi!: 

Kcsi#a jn mc MyUrl 77«) .if<jucncc in-unur iifAiuinirnl 
fftuouat, inwoy, pruui; T„ ^JjunUl hr ill lc«l 5*C !Hj£Vf 
iftun tur AunvttUun letuiA'jrtHift: u,i«l xfurUii: *t*^rmi*< <y- 
ehn& prlmas sdc^iM uut iunn M<iTjV Ouploxt-V ihr 

pjf*tK% 

5U v Cand JO ruin ul 9S r C. "IVniial <.*yH;ag p^ccdrd vjJUi 



Rt Al 11MU QllANItTAIlVl K;K 

reactions were perfonnctf in ihu MM«/ 77<KI,Scqumcv IV- 
lw«,r (.it. AOftiU'U UitiuysAi-uiO, crfU»fh ^jvuIiu 4 Cc**+~ 

Hruiimitxl Mn 4 ^rvot M«ciuUi«h VlOCl (Apple rvn\\wiar 4 
San*a uara, i:a> i\aku\ tUKtHy <o me Mottel V7ftt Si^ 

quoiitv Ikdoctar, Afiv<y«(* 4if vUU v**»«i uliy jiMnrinH i«i 
\U«f M««4n(<>cli «umpwt^* ^XUrltoit «|k! mmly«l« cnfiw^rc 

Ti jjuf^ciion of CcIIj wlrK f»<t©r VIU G?nvirud 

rmirTm flasks O/ XVS CCSX V*H*jrcia. IS7H), ? human 
fTlBl Wdncy nJJJU'nftion iUie- *vw gn:»*n to RtVK. ron- 
Miicnvy ami trdntfCCfl'U fHWM, Cells weT^ , fynwti L11 tliM. 
Kmuwjiij mcdin! so** h am^ m uumcuK cut, ,wr. luw) 
fjucoic JiiijlicrxHt'!! (nucii^cd Eakjo medium wiUi. 
tim jjlycinc Willi flocfluni bicjihiuiaic, loot i^ul tK*v»nc 
acrutn. 2 MLM i.-$\uUi(iiiK, and tW< |wnicil!li4->ifrptomy* 
tin. The m^dla wai clmr*^^ 30 «uln Krfw*- fK«. Ir«tt<f«« 
umi, pffll'M WA wnounis of AQ t 4, (Lh t nnd 0.J wviv 
;idt(t»fi li» ml of a wiullwn ^>nUlnlns 0,12a « C^C3 ? . 
«ad 1 * WW'S. Tho fOyi n>;>turv* %**rrt? It'fl nl |f<i«- 
|Jc/«W)«- fe« 1U thvu t*vMv*«1 /1f4.|«MUc U*c wlh. 

'llic n«*kA ^.•.v;,..*.wIjaIc4 ill. 3Wiwv) f «C f<ir 3^- hr, 
*ruhvd wim IHi^ **.i*J -**M«p<t«<i«d In Thi- u«tis 
jumuKcI crlh wcr« tlNUUJ uilw «liift*«'<- -rJ 1»JA w«j r*<- 
Twctr d Hiiincdluuiy usuin Utv QJAj*. ( (< liJ«-*l «i( (Qupe»n t 
OltlUTrQTrtii. CA). UMA <-lu<(d fnlr. 300 r l of ,10 n<u 
T^UCJ ul plf 

ACK NO WLEDG MINTS 

Wi' (Ji«nk ficncrt lech's DNa Synihols Cruup /«!f prjrncr 
HyuttxcruM «i«d (niiciUcctt's G/ap)«irrt ^Irrmp /or osiiJinmif 
wlrti the Jii;ufr,-j 
( Tiu puv»nc/»ttAii nwn \hU nrdclc were <U-fniyii1 In 
pdri i»y i>ftyni«-ni nf poxn ChfctKvs. )1*lt /irtidr niitfi iftfrc- 
foie hr 'hifrby jm<*' ktd "jdve/Nwmr.n" In Jtcuirftoru^ 
Hlh JM Use: «trt*<ni 1/^* w!dv lo indicate rhh M<i. 
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methods. Peptides AHKKor AEQK were dissolved inkier, made isotonic wich 
tf ad and diluted into RPM1 growth medium. T-cett-pioBtadon *mys were 
done eucntwUy as described" 11 . Briefly, after antigen pulsing (90 Hud 
TTCf) with cerrapcptides (l-Zragmr 1 ). PBMCs or £BV-B cells were 
washed in PBS and fixed for 45 s in 0.05% giu car aldehyde. Glycine was added 
(0 a anal concentration of 0.1M and th< cells w C « washed five times in RPMI 
1640 medium containing 1% PCS before co-colturc with T-ccU clones in 
found-boctom 96-weU microtitre plates. After 48 h, the cultures were puked 
with I u.Ci of 3 M.thymidinc and harvested for scintillation counting 16 h later. 
Prediction of native TTCF was done by incubating 200 fig TTCf with 0.25 ng 
pig kidney leguouin in S0O jil 50 mM citrate buffo; pH 5.5. for 1 h at 37 °C 
Glycopcptlde digestions. The peptides HIDNEEDt. HIPN(N-cjuco*munc) 
EEDZ and HIDNESDI, which are based on the TTCF sequence, and 
QQQHIFGSNVTDCSGNFCLFR(KKK). which U based on human transferrin, 
were obtained by custom synthesis. The three C-tcrminal lysine residues were 
added to the natural sequence to aid solubility. The transferrin glycopeptide 
QQQHLFOSNVTDCSGNFCLFR was prepared by tryptic (Promega) digestion 
of Smg reduced, carboxy- methylated human transferrin followed by 
concaruvalin A chromatography". Glycopeptide* corresponding to residues 
622-642 and 421-452 were isolated by reverse-phase HPLC and identified by 
miss spectrometry and N-tenninal sequencing. The lyophilizcd transfcrrin- 
derived peptides «e« rcdusoWed in 50 mM sodium acetate. pH 5.5. jOrnM 
dithioUVeitol, 20% methanol. Digestions were performed for 3 h at 30 °C with 
5-50 mUmT 1 pig kidney legumdn or B-cdl a£P. Products were analysed by 
HPLC or MALDl-TOF mass spectrometry using a matrix of lOrngml" 1 a- 
cyanocinrumic acid in 50% act(omtrilc/0.l% TfAahd a PcrSeptivc BJosystems 
Elite STR mass spectrometer set to linear or reflector mode. Internal mada»fc 
duation was obtained with a matrix ion of 568. 13 mass units. ^ v > 

Received 19 S*ptenib<n wWpted 3 November t»9fl. 
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Fas ligand (FasL) 'is *pro<luced by acrivatcJ T cells and natural 
killer cells and it foduces apoptosis (programmed cell death) in . 
target cells'throdgh the death receptor fas/Apol/CD95 (rcf. I), j 
One, important role of FasL and Fas U to mediate immune- 
fcytorbjdc killing of cells that are potentially harmful to the 
"prganism, such as virus-infected or tumour cells'. Here we 
report the discovery of a soluble decoy receptor, termed decoy 
receptor 3 (DcR3), that binds to FasL and inhibits FasL-induced 
apoptosis. The DcR3 gene was ampiiRcd in about half of 35 
primary lung and colon tumours studied, and DcR3 messenger 
RNA was expressed in malignant tissue. Thus, certain tumours 
may escape FasL-dependent immune-cy to toxic attack by expres- 
sing a decoy receptor that blocks FasL 

By searching expressed sequence tag (EST) databases, we identi- 
fied a set of related ESTs that showed homology to the tumour 
necrosU factor (TNF) receptor (TNFR) gent supcrfarruly 2 . Using 
the overlapping sequence, we isolated a previously unknown full- 
length complementary DNA from human fetal lung. We named the 
protein encoded by this cDNA decoy receptor 3 (DcR3). The cDNA 
encodes a 300-amino-acid polypeptide that tesembks members o( 
the TNFR family (Fig. la): the amino terminus contains a leader 
sequence, which is followed by four tandem cysteinc-rich domains 
(CRDs). Like one other TNFRhomologue, osteoprotegerin (OPG)\ 
DcR3 lacks an apparent transmembrane sequence, which indicates 
that it may be a secreted, rather than a membrane-assco dated, 
molecule. We expressed a recombinant, histi dine -tagged form of 
DclU in mammalian cells; DcR3 was secreted into the cell culture 
medium, and migra[ed on polyacrylamide gels as a protein of 
relative molecular mass 35,000 (data not shown). DcR3 share; 
sequence identity in particular with OL>G (31%) and TNFR2 
(29%), and has relatively less homology with Fas (17%). All of 
the cysteines in the four CRDs of DcR3 «id OI>G are conserved; 
however, the carbo^-tcrrninal portion of DcR3 is 101 residues 
shorter. 

We -analysed expression of DcR3 mRNA in human tissues by 
northern blotting (Fig. lb). W c detected a predominant 1.2-kilobase 
transcript in fetal lung, brain, and liy«, and in adult spleen, coloa 
and lung. In addition, we observed relatively high DcR3 mRNA 
expression in the human colon carcinoma cell line 5W480. 

To investigate potential ligand interactions of DcR3, wc generated 
a recombinant, Fc-tagged DcR3 protein- We tested binding of 
DcR3-Fc to human 293 cells iransfected with wdWual TN1- 
family Ugands, which are expressed as type 2 cransmcmbrajie 
proteins (these transmembrane proteins h^e their N termini m 
the cytosol). DcR3-Fc showed a signincant increase m binding to 
ceUs transfected with FasL 4 (Fig, 2a), but not to cells transfected with 
TNF. Apo2l/TRAlL w . Apo3L/TWEAK", or OPGL/TRANCE/ 
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jUHKL'-'J (data not shown). DcR3-Fc immunoprcdpitatcd shed 

S£ fron, FasL-transfeeted 293 cells (Fig. 2b) and 

FasL (Fig. 2c). as did die Fc-tagged ectodomajn of Fas but not 

I- SfRI. Gel-filtration chromatography showed that DcR3-Fc and 
JoS FasL formed a stable complex (Fig. 2d) Equdtbnum 
analysis indicated that DcR3-Fc and Fas-Fc bound to soluble 
FasL with a comparable affinity (^O.Bifl.2 and 

II- O.lnM. respectively; Fig. 2e), and that DcK3-fc could 
block nearly all of the binding of soluble FasL to Fas-Fc (Fig. 2e, 
inset) Thus. DcR3 competes with Fas for binding to FasL. 

To determine whether binding of DcR3 inhibits Faslacrwy. we 
testcd the effect of DcR5-Fc on apoptosis induction by soluble 
FasL in Jurkat T leukaemia cells, which express Fas (Fig- 3a). DcR3- 
Fc and Fas-Fc blocked soluble-FasL-induced apoptosis in a 
similar dose-dependent manner, with half-maximal iaMiition , at 
-0 1 li-gml-'- Time-course analysis showed that the i^ibon chd 
not merely delay cell death, but rather persisted for at least 24 hours 
(Fie 3b) We also tested the effect of DcR3-Fc on activation- 
induced cell death (AICD) of mature T lymphocytes, a FasL- 
dependent process". Consistent with previous results , activation 
of interleukin.2-stimulated CD4-positive T cells with ann-CD3 
antibody increased the level of apoptosis twofold. "4F«-^ 
blocked this effect substantially (Fig. 3c); DcR3-Fc blocked the 



induction of apoptosis to a similar extent. Thus. DcR3 binding 
blocks apoptosis induction by FasL , 

FasL-induced apoptosis is important in elimination of virus- 
infected cells and cancer cells by natural killer cells and cytotoxic T 
lymphocytes; an alternative mechanism involves perforin and 
granzymes'"-''. Peripheral blood natural killer cells Oiggcred 
marked cell death in Jurkat T leukaemia cells (Fig. 3d); DcR3-E^ 
and Fas-Fc each reduced killing of target cells from -«Safcw 
-30%, with half-maximal inhibition at -1 (igiru ; the r^cj,uaU 
killing was probably mediated by the perforin/gratwym? ' Paw 
Thus. DcR3 binding blocks FasL-dcpendenc natural Tc-ller ceU 
activity Higher DcR3-Fc and Fas-Fc concentrations wfere required 
to block natural killer cell activity compared witlvthose required to 
block soluble FasL activity, which is consistent ;wth the greater 
potency of membrane-associated FasL compared with soluble 

a Given the role of immur*^toxic 'cells .n elimination of 
tumour cells and the fact, (l tb^,DoR3 can act as an inhibitor of 
FasL. we proposed that Dc^ptession might contribute to the 
ability of some turodursHo 'escape immune-cytotoxic attack. As 
genomic amplification frequently contributes to wrnongenes.s, we 
investigated whether, the DcR3 gene is amplified in cancer. We 
analysed Dc,R3 gene-copy number by quantitative polymerase cha.n 
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F,gure i Primary wucturc and e*preseion of human OcW. a. Alignment of the 
a^ino-acld sequencea of OcRS and of osicop rotegerin (0PG1; the C-termin 8 l 101 
residue of OPG are nci shown. The putative Signal cleavage sto (arrow), the 
cy S ^ne-r,ch domains (CRO 1 -4j. and the AZ-linked gtycosylation she (asterisk) are 
anown b egression of OcflamRNA. Northern hybrtflzetion sna^s* ^3 done 
using M 0cR3 CONA as a orobe and blocs of pclyW RNA (Cfontech) from 
human fatal and adult touas cr cancer cell Unas. P8U peripheral bfooo 
lymphocyte. 



Fl flore 2 Interaction of OcR3 whh FasL. a. 233 «Ja were transfectadwlth pfi« 
vecor (top) or «M 0RK6 encoding fuiMength F«L (bottom), incubated with 
OcW-Fc (solid line, shaded 3r 93 ). TNFfli-Fc (dOMd *e) or ouffer control 
(dashed line) (the dashed and dotted lines e^naol and analysed for b.ndlng by 
FACS Statistical analysis Showed a signWcantOlftarancel/' < 0.OQ1) between^* 
binding of 0CR3-FC .0 cells transacted with Pi.bL or pRKS. PE. phycoarytnnn- 
lab 9 lledcell S .b,293cellsw e r8tr a n S reaed 8 slna3nometaboi.cailylateted.a,.d 

coll suparnatants were Immuncprselolwted with Fc-raflged TNFR1, DcR3 or Fw. 
e PurttiedSOlubleFasL(sFasUw BS imrn U ncpr«.pit0tedwlthTN 1 -fl1-Fc.OcR3- 

Fc or Fas-Fc and visualiMd by immunobloi with and-FasL antibody. aFasL wae 
.osded directly for ccmpartsor, In the rightfctnd l 3 n<; d. Rag-taeged sFasL^as 
incubaiad w,«h DCW-FC or win buffer and r, :S o.vec by ga. nitration; colu-nr, 
rractions waro analysed * an assay that detects competes sontalnwB OcW - Fc 
and sFasL-Hag. c. Equilibrium bind.ng of 0cB*-Fc or Fas-Fc to st-asL-FDg 
Inset, compodtlon of 0cR3-Fo with Fss-Fc lor olnd.ng 10 sFssL-Flag. 
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reaction (PCR)" in gnomic DNA from 35 primary lung «J colon 
lo Urs relative to pooled genomic DNA from peripheral blood 
kuC£s (PBU of 10 healthy donors. Eight of 18 lung tumours 
and IS of 7 colon tumours showed DcR3 gene ampufi<*non 
ranging from 2- to 18-fold (Fig. 4a. b) To confirm this resuk. we 
L^ed the colon tumour DNAs with three mor*. ^dependent sets 
of DcR3-based PCR primers and probes: we observed nearly the 
same amplification (data not shown). . . 

We then analysed DcR3 mRNA expression m pnmary tumour 
tissue sections by in siru hybridation We detected DcR3 exprc^ 
si00 in6 outof lSlung tumours.lout of 2 colontumours 2outof 5 
breast tumours, and 1 out of 1 gastric tumour (data not shown). A 
section through a squamous-cell carcinoma of the lung is shown in 
Fie 4c DeR3 mRNA was localized to infiltrating mal.gnajit epithe- 
lium, but was essentially absent from adjacent stroma, indicating 
tumour-specific expression. Although the individual tumour speci- 
mens that we analysed for mRNA expression and gene amplification 
were different, the in siru hybridization results are consistent with 
the finding that the DcR3 gene is amplified frequently m tumours 
SW480 colon carcinoma cells, which showed abundant DcR3 
mRNA expression (Fig. lb), also W ^ ^ 
tion, as shown by quantitative PCR (fourfold) and by Southern blot 
hybriditation (fivefold) (data not shown). 

If DeR3 amplification in cancer is functionally relevant, then 
DcJO should be amplified more than neighbouring genomic 
regions that are not important for tumour survival. To test this. 



we mapped the human DcR3 gene by radintion-hybnd analysis; 
DcR3 showed linkage to marker AfM218xe7 (T160 .which maps to 
chromosome position 20ql3. Next, we isolated from a bacterial 
artificial chromosome (BAC) library a human genomic done that 
carries DcR3, and sequenced the ends of th« done s msert. We then 
determined, from the nine colon tumour that shewed Wold or 
greater amplification of DcR3. the copy number of the DcU- ( 
flanking sequences (reverse and forward) from ^ J^Jg 
seven genomic markers that span chromosome 20 (Fig^4d).rffh^ 
DcR3-linked reverse marker showed an average amp£f%tton of 
roughly threefold, slighdy less than the approxirrut^Jourfold 
ampLfication of DcR3; the other marker: .^owe^httlc or no 
amplification. These data indicate that DdO may be at the epi- 
centre' of a distal chromosome 20 region Thitjs>rn P ufied in colon 
cancer, consistent with the possibility tkU.D C R3 amplificauon 
promotes tumour survival. ^_ V' 

Our results show that DcR3.bijA.spcc.fi«Uy t0 FasL and inhibits 
FasL activity Wc did not detect DeR3 binding to several other TNF- 
li EaQ d-family members; however, this docs not rule out the possi- 
bility that DcR3 iritfaVs^with other ligands, as do some other 
TNFR family metnbers, including OPG-' '. 

FasL is importint'in regulating the immune response; however, 
little is known 'about how FasL function is controlled. One mechan- 
ism involves the molecule cFLIP, which modulates apoptosis signal- 
/luTg downstream of Fas'". A second mechanism involves proteolytic 
Shedding of FasL from the cell surface". DcR3 competes with Fas tor 
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Figure 3 Inhibition cf F 82 L activity by DcR3. a. Human Jurkai T leukaemu) cells 
were incubated wKh Flag-raggad soluble FasL (sFask Sngmr") cllgomerUed 
wi,n ani-Fla 8 antibody (0.1 *gmr') In the presence of the proposed ^titers 
0eR3-Fc Fas-Fc or human igGi and assayed for apoptosis (mean ± s.e.m. of 
triplicates), b Jurkai calls were incubated with sFast-Flac plus anH-Flag antibody 
as in a. in presence el i « mP' Dcfl3-Fc (filled circles). Fes-Fe (open circles) or 
human igGi (triangles), and apoptosis was determined at the indicated time 
points e Peripheral blood T cells were stimulated with PHA and Interlcukln-t 
fonowad by control (*hte bars) or ami-C03 anfibody (Med bars), together w* 
phoephate-buifered saline (PBS), human IgGi. Fes-Fc. or OcRa-FcOOugmr ). 
After ish apoptosisofCr^-ealiawssdetermlnedtmean r s.emof reautetrcm 
five donors) d. Paripharal blood natural killer cells were Incubated w,th Cr- 
labelled iurfcrt cells in me presence ol OcB3-Fc (fOad circles). Fes-Fc (open 
circles) or human IgGi (Btang»s4 and target-cell death W as de«rm,ned by 
ralaase of "Cr (mean z S.6. for two donors, each In triplicate). 



Figure ^Genomic amplification of DcR5 In tumours, a. Uing cancers, comprising 
eight adenocarcinomas (c. d. f. g. h.J. k. r). .even.qi.amous-call carcinomas ; (* e 
m n -0-0. q) one non. 6 malU:ell carcinoma (b).one smMKell carcinoma (I), and 
cna broncNal adenocarcinoma (I). The d..ta arc means = s.d. or Z twfimm 
done in duplicate, b. Colon tumours, comprint, ,t adenocarcinomas. Oaw are 
means = a.e.m. of five experiments done in du pieate'e. m situ hybrriliMon 
analysis ol OcW mRNA expression in • equamous-cell carcinoma of the lung. A 
representative bright-Hald image (lelt) ar.d the eo.responding dertneid lme ? e 
(right) show OeR3 mRNA over InfiltraOng malignant epithelium (arrowheads). 
Adjacent non-mallgnan, stroma (SI. blood ve«sel (V) and necrotic tumour thsue 
(N) are also shown, d. Average ampliation or Ocn3 compared w,th 3 mcl.flca- 
rien ol neighbouring genomic reg.ons (reverse end forward. Rev and fc~d>. M 
OcR3Jinked marker T160. and other chromoaome-20 merkere. In rhe nine colon 
rumours Showng DcR3 amplification ol twdo.d or more (b). Oeta are Iron, wo 
exper,men« done In duplicate Asteriak Indicated <0 0l for e SludentsHcsi 
comparing est* maricsr with DcR3. 
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FasL binding; hence, it may represent a third mechanism of 
extracellular regulation of FasL activity. A decoy receptor that 
modulates the function of the cytokine interlcukin- 1 has been 
described 21 - In addition, two decoy receptors that belong to the 
TMFR family. DclU and DcR2, regulate the Fasl-related apoptosis- 
inducing molecule Apo2L u . Unlike DcRl and DcR2. which are 
membrane-associated proteins, DcR3 is directly secreted into the 
extracellular space. One other secreted TNBR-fcmily member is 
OPG\ which shares greater sequence homology with DcR3 (31%) 
than do DcRl (17%) or DcfU (19%); OPG functions as a third 
decoy for Apo2L' 9 . Thus. DcR3 and OPG define a new subset of 
TNFR-family members that function as secreted decoys to mod- 
ulate ligands that induce apoptosis. Pox viruses produce soluble 
TKFR homologues that neutralize specific TNF-family ligands, 
thereby modulating the antiviral immune response 1 . Our results 
indicate that a similar mechanism, namely, production of a soluble 
decoy receptor for FasL, may contribute to immune evasion by 
certain rumours. p 

Methods 

Isolation of OcR3 cDNA. Several overlapping ESXs in GenBank (accession 
numbers AA025672, AA025c73 and W67S60) and in Lifcscq™ (lncyte 
PhanruccudcalJ: accession numbers 1339238, 1533571. 1S33650. 1542861. 
1769372 and 2207027) showed similarity to members of theTNfR family. We 
screened human cDNA libraries by PCR with primer* based on the region of 
EST consensus; fetal lung wis positive for a product of the expected size. By 



IgG. blocked with 2% BS/Un PBS, DcR3-?c or fas- ft was added, followed by 
serially diluted Flag-ugged soluble TtasL Bound ligand was detected with ami- 
Flag antibody as above. In ihe competition aiJuy, Fm«Fc waj immobilized as 
above, and the wells were blocked with excess IgGl heiorc addition of FUg- 
ugged soluble FasL plus DcR3-Fc. 

T-cell AlCO. CD3* lymphocytes were isolated from peripheral blood of 
individual donors ming anti-CD3 magnetic bead* (Miltenyi Biotech). ( 
stimulated with phytohaemagglucinin (PHA; 2 otf x ) for 24 h. and culfuwi^ 
in the presence of intcrleukin-2 (100 U ml"' ) for 5 days. The cclla were garedin- 
wdk coated with anri-CD3 antibody (Pharminf.en) and analysed ^T^og t tjojRs 
1 6 h hter by FaCS analysis of annedn-V-binding of CD** cd^7 r ^ j> 
Natural killer coll activity. Natural killer cells were isolated §&p peripheral 
blood of individual donors using anti-CD56 nugricpc beads (Miltenyi 
Biotech), and incubated for Ifih with ''Cr-loadco^^cjcelh at an effector- 
to-targct ratio of 1;1 in the presence of DcW-P.vFas-f c or hunun IgGl, 
Target-cell death was determined by release *q$ "fcr in etlector-tirgct co- 
cultures relative to release of l! Cr by defgrgeat lysis of equal numbers of lurkat 
cells. 

Gene-am pllflcatlon analysis/Surgicil specimens were provided by J. Kern 
(lung tumours) and P. Qu|kc -^colon turnouts). Genomic DNA was extracted ' 
(Qiagen) and the copcentratio'n was determined using Hoeetut dye 33258 
i ntercalation fluotomctry: Amplification was determined by quantitative PCR" 
using a TaqMiinlnstiument (aBI) . The method was validated by comparison of 
PCR and Southern hybridization data for the Myc and HER-2 oncogenes (data 
ndf shown(, "Gene -specific primers and fluorogenic probes were designed on 
tne basis of the jcquence of DcR3 or of nearby regions identified on a BaC 



hybridization to a PCR.gcncrated probe based on the EST*, one positive do n^ carrying the human DcRJ geae: alternatively, primer* and probes we* : based 
(DNA30942) wai identified. When searching for potential altcnurivdy jjOiced >n Stanford Human Genome Center l* " 



A3 that might encode a transmembrane protein, w.c^ BplatedJSO* 
; the coding regions of these clones were identical insize ■ WHtnai of 



forms of DcR3 i 
more clones; 

the initial clone (data aot shown). 

Perfusion proteins (lmmunoadh«$lna). The entire pc&3 sequence, or the 
ectodomain of Fas or TMfRl. was fused to the hinge&n'd Pt region of human 
IgGl, expressed in insect SF9 cells or in humani^^cillf. and purified as 
described 1 '. , r? . * ^ * 

Fluofa8concft-actlvatad cell sorting (FACS) analysis. We tranifectcd 293 
cells using calcium phosphate or Effecrcne CQiagen) with pRKS vector orpRJCS 
encoding full-length human FasL^J jig), together with pRKS encoding CrmA 
Uh-B) to prevent cell de*th. -After 16 h. the cells were incubated with 
bioonytttted DcR3-Fc qrT^PRl-fc and then with phycotrythrin- conjugated 
streptavidin (GibcpBKJL)Snd were assayed by FaCS. The data were analysed by 
Kolmogoroy T Sh\irhoy sudstical analysis. There was some detectable staining 
of vecto^transfe^ked cells by DclU-fc; aa these cells express little fast (data 
not shown j?1t is possible that DcR3 recognized some other factor that is 
depressed cofutiftirivety on 293 cdls. 

Immunopracipitatlon. Human 293 cells were transfected os above, ond 
mctabolically labelled with ("S] cysteine and [ 3S S] methionine {0,5 mG; 
Axnersham). After l6h of Culture in the presence of z-VAD-fcnk (IOjiM). 
the medium was immunopfecipitatcd with DcR3-Fc. Fas-Fc or TNPRl-Fc 
(5 |xg), followed by protein A-Scpha/osc (Repligen). The prccipiutcs were 
resolved hy SDS-PACE and visualized on a phosphorinwger (Fuji BAS2000). 
Alumatively. purified, Flag-tagged soluble FasL (1 M-g) (Alexis) was incubated 
with each Fc-fuaion protein (1 p-g). precipitated with protein A-Sepharose, 
resolved by SDS-PaGE and visualized by iramunoblotring with rabbit anti- 
FasL annbody (Oncogene Reataich). 

Analysts of complex formation. Flog- tagged soluble FasL (2Su,g) was 
incubated wuh buffer or with DcJU-Fc (40 p.g) for 1,5 h at 24 The reaction 
was loaded onto a Supcrdoc 200 TO 10/30 column (Pharmacia) and developed 
with PBS; 0.6-ml fractions were collected. The presence of DcR3-Fc-FasL 
complex in each fraction was analysed by placing 100 u.1 aliquots into miaodue 
wells prccoated with anti-human IgC (Boehringer) to capture DciU-Fc 
followed by detection with bio tinylated anti-Pag antibody Bio M2 (Kodak) and 
streptavidin-horsetadish peroxidase (Amcrsham). Calibration of the column 
indicated an apparent relative molecular mass of the complex of 420K (data not 
shown), which is consistent with ^ stoichiomctryoftwoDcIU-Fchomodimcrs 
to cwo soluble FasL homotrimcrs. 

Gquiiibrlum binding analysis. Microtiuc wells were coated with anti-human 



linked to DcR3 (likelihood score = 5.4). SHCO ^lOB (T1S9), the nearest 
available marker which maps to -500 kUobascs from TI60, and five extra 
markers that span chromosome 20. The DcR3 -specific primer sequences were 
S'-CTTC 1TCGCGCACCCTG-3- and 5'-aTCaCGCCGGCACCaG-3* andrhc 
fluorogeoic probe sequence was 5 4 -(fAM-ACACGATGCCTGCTCCAAGCAG 
AAp-(TAMARA). where FAM is 5 f -fluorescein phosphoramidite. Relatrvc 
gene-copy numbers were derived using Uic formula 2 (4CT *. where ACT is the 
difference in amplification cycles required to d-:tea DcR3 in peripheral blood 
lymphocyte DNA compared to test DNA. 
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Crystal structure of the 
ATP-binding subunit 
of an ABC transporter 
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ABC transporter* (also known as traffic ATPases) form a large 
family of proteins responsible for the translocation of a variety 
of compounds across membranes of both profcaryotes anc^ 
euJcaryotes*. The recently completed ExbtriAi* coh ^noiae 
sequence revealed that the largest family of paxafogo«*-E «1. 
proteins is composed of ABC transporters*. Mah^e^ySTOQc 
proteins of medical significance belong to th^&mdy* wAj as 
the cystic fibrosis transmembrane condactanceregulator ICFTK), 
the P-glycoprotein (or multidrug-resistancc protein) and the 
heterodimeric transporter associated^vritri* antigen processing 
(Tapl -Tap2). Here we report the ct^StaLsjructure at 1.5 A resolu- 
tion of HisP, the ATP-binding s'uboriit of the histid^e permease, 
which is an ABC transporter from Salmonella typhtmunum. We 
correlate the details of dus.structure with the biochemical, genetic 
and biophysical proRerties"of the wild-type and several mutant 
HisP proteins. The structure provides a basis for understanding 
properties of ABC transporters and of defective CFTR proteins. 

ABC crarispotois contain four structural domains: two nudeo- 
tide-bind&g domains (NBDs), which are highly conserved 
threughbut the family, and two transmembrane domains . In 
frokaryrites these domains are often separate suburuts which are 
assembled into a membrane-bound complex in eukaryotes the 
domains arc generally fused into a single polypeptide chain. The 
periplasms histidine permease ofS. typhimunum and £ coir is a 
well-characterized ABC transporter that is a good model for this 
supcrfaraily. It consists of a membrane-bound complex. HisQMP,, 
which comprises integral membrane subunits, HisQ and HisM. and 
two copies of HisP, the ATP-binding subunit. HisP. which has 
properties intermediate between those of integral and peripheral 
membrane proteins', is accessible from both sides of the membrane 
presumably by its interaction with HisQ and HisM . The two HisP 
subunits form a diraer. as shown by their coopctatMty in ATP 
hydrolysis 5 , the requirement for both subunits to be present for 
activity", and the formation of a HisP dimer upon chemical cross- 
linking. Soluble HisP also forms a dimer 5 . HisP has been punned 
and characterized in an active soluble form 5 which can be recon- 
stituted into a fully active membrane-bound complex". 

The overall shape of the crystal structure of the HisP monomer is 
that of an X" with two thick arms (arm I and arm II); the ATP- 
binding pocket is near the end of arm I (Fig. 1). A iix-stranded fJ- 
sheet ((33 and f38-fi 12) spans both arms of the L. with a domain of a 
a- plus fj-type structure (pi. (32. 04-07. al and «2) on one side 
{within arm U and a domain of mostly a-hcUces (tx3-a9) on the 




K9U1* i Crystal svueture of HisP. a Viow of tha dimer along an a*.s 
parpandlcular to Its rwo-feid axis. Tne loo and bottom ol the dimer ara suggested 
to (ace towards the perlpiesmlc and cytoplasmic side-s. respectively (see text). 
The thickness of arm II is about 25 A. compare U Ml of membrane. a-HenciS 
are Shown in orange and p-sheeta in green, b. View along .he wo-told axis of me 
HisP dimer showing the relative dispiacamom of the monomers not sppart.m in 
a The frstrande at the dimer Interface ara lacelled o.VAew of one monomer from 
the bottom of arm I, as shown in a. towards arm II. aho^ng the ATP-binding 
peckst a-e The protein and tne bound ATP are in 'nbDen' end 'bafend-s**- 
representations. respectively. Key residues discussed In the text are indica-eb .n 
c. Theee figures «ere prepared wiin lAOLSCMPT". N. amino terminus: C. C 
terminus. 
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NOVEL APPROACH TO QUANTITATIVE POLYMERASE CHAIN REACTION USING 
REAL-TIME DETECTION: APPLICATION TO THE DETECTION OF GENE 
AMPLIFICATION IN BREAST CANCER 

Iven Bieche" Martin* >OuW, Marie-Heleuc ChaMPEme 1 , Dominique VnW. Rosectc LidekEaU 3 and Michel VtaAiiD" 
iLabaratoire de Gtntrique Molecutaire. Facuiti des Sciences Pharmaceutiques et Biologizes de Pans. Pans, France 
*Laboratoire d'Oncoginctioue. Centre Rene Hu^tenin, Sr-CW, France 



Gene amplification is a common event in the progression of 
human cancers, and amplified oncogenes have been shown to 
have diagnostic, prognostic and therapeutic relevance. A 
kinetic quantitative poiymerase-chain-reaction (PCKJ metnoa, 
based on fluorescent TaqMan methodology and a new instru- 
ment (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real-time, was used to > quantify 
gene amplification in tumor DNA. Reactions are character- 
ized by the point during cycling when PC* amplification is rt»N 
in the exponential phase, rather than the amount of HUK 
product accumulated after a fixed number of cycles. None of 
The reaction components is limited during the exponential 
phase, meaning that values arc highly reproducible in reac- 
tions starting with the same copy number. This greatly 
improves the precision of DMA quantification. Moreover, 
real-time PCR does not require post-PCR sample handling, 
thereby preventing potential PCR-product carry-over con- 
tamination; it possesses a wide dynamic range of quantifica- 
tion and results in much faster and higher sample throughput. 
The real-time PCR method, was used to develop and validate 
a simple and rapid assay for the detection and quantification 
of the 3 most frequently amplified genes (myc, ccndl and 
eroS2) in breast tumors- Extra copies of myc, ccndl and erbbZ 
were observed In 10. 23 and 15%. respectively, of 106 breast- 
tumor DNA; the largest observed numbers of gene copies 
were 4.6. 18.6 and 1S.1. respectively. Thes$ results correlated 
well with those of Southern blotting. The use of this new 
semi-automated technique will make molecular ^lysls of 
human cancers simpler and more reliable, and should find 
broad applications In clinical and research settings, fnt. L 
Cancer 78:661-666, 1998, 
O im mtey-Uss. fnc. 

Gene amplification plays an important role in the pathogenesis 
of various solid tumors, including breast cancer, probably because 
over-expression of the amplified target genes confers a selective 
advantage. The first technique used to detect genomic amplification 
was cytogenetic analysis. Amplification of several chromosome 
regions, visualized cither as extrachromosornaJ double rn^utas 
(dmins) or as integrated homogeneously sraimng regions (HSRs), 
arc among the main visible cytogenetic abnormalities m breast 
rumors. Other techuiques such as comparative genomic hybridisa- 
tion (CGH) (Kallioniemi ei aL 1 994) have also been used m broad 
searches for regions of increased DNA copy numbers tn tumor 
cells, and have revealed some 20 amplified chromosome regions in 
breast rumors. Positional cloning efforts are underway to identify 
the critical gcne(s) in each amplified region. To daw, genes known 
to be amplified frequently in breast cancers include myc (3q24) 
cendi (Mql3), and erbBl (I7ql2-q21) (for review, sec Biechc and 
Lidcreau, 1995). 

Amplification of the myc. ccndl. and *roB2 prota-oncogenes 
should have clinical relevance in breast cancer, since independent 
studies have shown that these alterations can be used io identify 
sub-populations with a worse prognosis (Bems er aL 1992; 
Schuuring et aL 1992; 31amon et aL 1987). Muss erai (1994) 
suggested that these gene alterations may also be useful for the 
prediction and assessment of the efficacy of adjuvant chemotherapy 
and hormone therapy. 

However, published results diverge both in termti of the fre- 
quency of these alterations and their clinical value. For instance, 
over 500 srudics in 10 years have failed to rcioWc the controversy 



surrounding the link suggested by Siamcra et at (1987) between 
er&Bl amplification and disease progression. These discrepancies 
are partly due to the clinical, histological and ethnic heterogeneity 
of breast cancer, but technical considerations are also probably 
involved. 

Specific genes (DNA) were initially quantified in tumor cells by 
means of blotting procedures such as Southern and slot bloning. 
These batch techniques require large amounts of DNA (5-10 
ug/rcaction) to yield reliable quantitative results. Furthermore, 
meticulous care is required at all stages of the procedures to 
generate blots of sufficient quality for reliable dosage analysis. 
Recently, PCR has proveu to be a powerful tool for quantitative 
DNA analysis, especially with minimal slatting quantities of tumor 
samples (small, early-stage tumors and formalin-fixed, paraffin- 
embedded tissues). 

Quantitative PCR can be performed by evaluating the amount of 
product cither after a given number of cycles (end-point quantita- 
tive PCR) or after a varying number of cycles during the 
exponential phase (kinetic quantitative PCR). In the first cane an 
internal standard distinct from the target molecule is required to 
ascertain PCR efficiency. The method is relatively easy but implies 
generating, quantifying and storing an internal standard for each 
gene studied. Nevertheless, it is the most frequently applied 
method to date. 

One of the major advantages of the kinetic method is its rapidity 
in quantifying a new gene, since no internal standard is required (an 
external standard curve is sufficient). Moreover, the kinetic method 
has a wide dynamic range (at least 5 orders ofiTugnirudc), giving 
an accurate value for samples differing in their copy number. 
Unfortunately, the method is cumbersome and has therefore been 
rarely used: It involves aliquot sampling of each assay mix at 
regular intervals and quantifying, for each iiliquot, the amplifica- 
tion product. Interest in the kinetic method has been sumulated by a 
novel approach using fluorescent TaqMan methodology and a new 
instrument (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real time (Gibson cir aL 1996; Hetd et 
al 1996) The TaqMan reacrion is based on die 5' nuclease assay 
first described by Holland et aL (1991). The latter uses the 5 
nuclease activity of Taq polymerase to cleave a specific ^uorogcnic 
oligonucleotide probe during the extension phase of PCR. The 
approach uses dual-labeled fluorogenic hybridization probes (Lee 
ctaL 1993). One fluorescent dye, co-valcntly linked to the 5 end 
of the oligonucleotide, serves as a reporter [FaM (i.e. 6-carboxy- 
fluorescein)] and its emission spectrum is quenched by a second 
fluorescent dye, TAMRA (i.e., 6^carboxy-tclrameAyl-r^^rruno) 
attached to the 3' end. Dunns the extension phase of the PCR 
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cycle, the fluorescent hybridation probe is hydrolyzed by toe 
5 '-3' nuclcolyiic activity of DNA polymerase. Nuclease degrada- 
tion of the probe releases (he quencUing of FAM fluorescence 
emission, resulting in an increase in peak fluorescence emission. 
The fluorescence signal is normalized by dividing the emission 
intensity of the reponer dye (FAM) by the emission intensity of a 
reference dye (ie.. ROX, 6-carnoxy-X-rhodamme) mcluded in 
TaqMan buffer, to obtain a ratio defined as the Rn (normalized 
reporter) for a given reaction tube. The use of a sequence detector 
enables the fluorescence spectra of all 96 wells of the thermal 
cycler to be measured continuously during PCR amplification. 

The real-time PGR method offers several advantages over other 
current quantitative PGR methods (Celi et aL. 1994): (i) the 
probe-based homogeneous assay provides a real-time method lor 
detecting only specific amplification products, since specific hybri- 
dation of both the primers and the probe is necessary to generate a 
signal; fli) the C, (threshold cycle) value used for quamiflcaUon is 
measured when PGR amplification is still in the log phase of PCR 
product accumulation. This is the main reason why Q is a more 
reliable measure of the starting copy number than are end-point 
measurements, in which a slight difference in a him ung component 
can iuvc a drastic effect on the amount of product; fiu) use of C, 
values gives a wider dynamic range (at least 5 orders of magni- 
tude), reducing the need fox serial dilution; fiVJ The real-time PGR 
method is run in a closed-cube system and requires no post-?LR 
sample handling, thus avoiding potential contamination; (v) the 
system is highly automated, since the instrument continuously 
measures fluorescence in all 96 wells of the *ermal cycler during 
PCR amplification and the corresponding software processes, and 
analyzes the fluorescence data; M) the assay is rapid, as results arc 
available just one minute after thermal cycling is complete; (vu) the 
sample throughput of the method is high, since 96 reactions can be 
analyzed in 2 hr* 

Here, we applied this semi-automated procedure to determine 
the copy numbers of the 3 most frequently amplified genes mbreast 
tumors (myc 4 ccndl and «r*B2). as well as 2 genes (alb and app) 
located in a chromosome region in which no genetic changes have 
been observed in breast tumors. The results for 108 breast tumors 
were compared with previous Southern-blot data for the same 
samples, 

MATERIAL AND METHODS 
Tumor and blood samples 

Samples were obtained from 108 primary breast tumors removed 
surgically from patients at the Centre Rene Hugucmn; none of the 
patients had undergone radiotherapy or chemotherapy. Immedi- 
ately after surgery, the tumor samples were placed ir i liquid 
nitrogen until extraction of high-molecular-wctght w*-™™** 
were included in this study if the tumor sample used for DNA 
preparation contained more than 60% of rumor cells (histological 
analysis). A blood sample was also taken from 18 of the same 
patients. 

DNA was extracted from tumor tissue and blood leukocytes 
according to standard methods. 

Real-time PCR 

Theoretical basis. Reactions are characterized by the pome 
during cycling when amplification of the PCR product is first 
detected, rather than by the amount of PCR product accumulated 
after a fixed number of cycles. The higher the starting copy number 
of the genomic DNA target, the earlier a significant increase in 
fluorescence is observed. The parameter C t (threshold cycle) is 
defined as the fractional cycle number at which the fluorescence 
generated by cleavage of the probe passes a fixed threshold above 
baseline. The target gene copy number in unknown samples is 
quantified by measuring Q and by using a standard curve to 
determine the starting copy number. TUc precise amount of 
genomic DNA (based on optical density) and us quality (i.e. lack: 



of extensive degradation) arc both difficult to assess. Wo therefore 
also quantified a control gene (alb) mapping io chromosome region 
4qll-ql3, in which no genetic alterations have been found in 
breast-tumor DNA by means of CGH (Kallioniemi et aL 1994). 

Thus, die ratio of the copy number of the target geno to the copy 
number of the alb gene normalizes the amount and quality of 
genomic DNA. The ratio defining the level of amplification is 
termed "N*\ and is determined as follows: 

copy number of target gene (app. myc. ccndL erbBl) 



copy number of reference gene (alb) 

Primers, probes, reference human genomic DNA and PCR 
consumables. Primers and probes were chosen with the assistance 
of the computer programs Oligo 4,0 (National Biosciences, Ply- 
mouth, MN), EuGcne (Daniben Systems, Cincinnati, OH) and Primer 
Express (Perkin-Elmer Applied Biosystcms, Foster City, CA). 

Primers were purchased from DNAgcncy (Malvern, PA) and 
probes from Perkin-Elmer Applied Biosystems. 

Nucleotide sequences far the oligonucleotide hybridization 
probes and primers are available on request. 

.The TaqMan PCR Core reagent kit, MioroAmp optical tubes, 
and MicroAmp caps were from Perkin-Elmer Applied Biosysteros, 
Standard-curve construction. The kinetic method requires a 
standard curve. The latter was construct^ with serial dilutions of 
specific PCR products, according to Piarak et til (1993). In 
practice, each specific PGR product was obtained by amplifying 20 
ns of a sundard human genomic DtfA (Boehringer, Mannheim, 
Germany) with the same primer pairs as those used later for 
real-time quantitative PCR. The 5 PCR products were purified 
using MicroSpin S-400 HR columns (Pharmacia, Uppsala, Swo 
den) elecrrophorezed through an acryiamuie gel and stained wiih 
ethidium bromide to check their quality. The PCR products were 
then quantified spcctrophotomctricaily and pooled, and serially 
diluted 10-fold in mouse genomic DNA (Clontcch, Palo Alto, CA) 
at u constant concentration of 2 ng/ui. The standard curve used for 
real-time quantitative PCR was based on serial dilutions of the pool 
of PCR products ranging from IO" 7 (10> copies of each gene) to 
Id"" (10 J copies). This scries of diluted PCR products was 
aliquotcd and stored at -80°C until use. 

The standard curve was validated by analyzing 2 known 
quantities of calibrator human genomic DNA (20 ng and 50 ng). 

PCR amplification. Amplification mixes (50 ul) contained the 
sample DNA (around 20 ng, around 6600 copies of disoroic genes), 
10X TaqMan buffer (5 ul), 200 uM dATP, dCTP, dGTP, and 400 
uM dUTP, 5 mMMgCifc 1.25 units of AmpliTaq Gold, 0,5 units of 
AmpErase uracil N-glycosyiase (UNG), 200 nM each pnmer and 
100 nM probe. The thermal cycling conditions comprised 2 nun at 
50*C and 10 min at 95 5 C. Thermal cycling consisted of 40 cycles at 
95°C for 15 s and 65 3 C for 1 min. Each aiiay included: a standard 
curve (from 10 3 to 10 1 copies) in duplicate, a no-template control 
20 ng and 50 ng of calibrator human genomic DNA (Boeruirtger) m 
triplicate, and about 20 ng of unknown genomic DNA in triplicate 
(26 samples can thus be analyzed on a 96-well nucroplatc). All 
samples with a coefficient of variation (CV) higher than 10% were 
retestcd. 

Ail reactions were performed in the ABl Prism 7700 Sequence 
Detection System (Perkin-Elmer Applied Biosystems), Much 
detects the signal from the fluorogcnic pmbe dunog PGR- 

Equipment for real-time detection. The 7700 system has a 
built-in thermal cycler and a laser directed via fiber opucal cables 
to each of the 96 sample wells. A charge-coupled-dcvice (CDD) 
camera collects the emission from each sample and the data are 
analyzed automatically. The software accompanying die 7700 
system calculates C, and determines the carting copy number in the 
samples. 
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Determination of gene amplification. Gene amplification was 
calculated as described above. Only samples with an N value 
higher than 2 were considered to be amplified, 

RESULTS 

To validate the method, real-time PCR was performed on 
Genomic DMA extracted from 108 primary breast tumors, and 18 
normal leukocyte DNA samplec from some of the same patients. 
The target genes were the myc, ccndl and erbBl proto-onco genes, 
and the P-amyloid precursor protein gene {appl which maps to a 
chromosome region (2lq21.2) in which no genetic rtwAotis have 
been found in breast tumors (Kallioroenu et oL, 1994). The 
reference disotnic gene was die albumin gene (alb. chromosome 
4qll-ql3). 



Validation of the standard curve and dynamic range 
of real-time PCR 

The standard curve was constructed from PCR products serially 
diluted in genomic mouse DNA at a constant concentration of 
2 ng/ui. It should be noted that the 5 primer pairs chosen to analyze 
the 5 taraet genes do not amplify genomic mouse DNA (data not 
shown) figure I shows the real-time PCR standard curve for the 
alb gene. The dynamic range was wide (at least 4 orders of 
magnitude), with samples containing » few as 10* copies or as 
many as 1 0 5 copies. 

Copy-number ratio of the 2 reference genes fapp and albj 

The app to alb copy-number ratio was c^termined in 18 normal 
leukocyte DNA samples and all 103 primary fareut-umor DNA 
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samples. We selected these 2 genes because they arc located in 2 
chromosome regions (app, 2lq2L2; alb, 4qll-ql3) in which no 
obvious genetic changes (including gains or losses) have been 
observed in breast cancers (Idllionicmi et aL. i 994). The ratio for 
the 13 normal leukocyte DNA samples fell becween 0.7 and 1.3 
(mean \ 01 ± 0.21), and was similar for the 108 primary breast- 
rumor DNA samples (0.6 to 1.6, mean 1.06 ± 0.25). confirming 
that alb and app are appropriate reference disoraic genes for 
breast-tumor DNA. The low range of the ratios also confirmed that 
the nucleotide sequences chosen for the primers and probes were 
not polymorphic, as mismatches of their primers or probes with the 
subject's DNA would have resulted in differencial amplification. 

myc, ccndl and cxbB2 gene dose in normal leukocyte DNA 

To determine the cut-off point for gene amplification in breast- 
cancer tissue, IS normal leukocyte DNA samples were tested for 
the gene dose (N). calculated as described in "Material and 
Methods The N value of these samples ranged from 0.5 to 1.3 
(mean 0.84 - 0.22) for myc. 0.7 to 1.6 (mean 1.06 r 0-23) for 
ccndl and 0.6 to 1 .3 (mean 0.9 1 ± 0.19) for er6B2. SinccN values 
for myc. ccndl and erb&2 in normal leukocyte DNA consistently 
fell between 0.5 and 1.6, values of 2 or more were considered to 
represent gene amplification in tumor DNA, 

myc. cend 1 and erbi*2 gene dose in breast-tumor DNA 

myc, ccndl and erb&2 gene copy numbers in the 108 primary 
breast tumors are reported in Tabic I. Extra copies of ccndl were 
more frequent (23%, 25/108) than extra copies of erbB2 (15%, 
16/108) and myc (10%. 11/108), and ranged from 2 to 18.6 for 
ccndl, 2 to 15.1 for cr6B2, and only 2 to 4.6 for the myc gene. 
Figure 2 and Table II represent tumors in which the ccndl gene was 
amplified 16-fold (T145), 6-fold (T133) and non-amplified (Tl 18). 
The 3 genes were never found to be co-amplified in the same rumor. 
er6B2 and ccndl were co-amplified in only 3 cases, myc and ccndl 
in 2 cases and myc and erbhZ in 1 case. This favors tie hypothesis 
that gene amplifications are independent events in breast cancer. 
Interestingly 5 tumors showed a decrease of at least 50% in the 
er£B2 copy number (N < 0.5). suggesting that they bore deletions 
of the 17q21 region (the site of erbhl). No such decrease in copy 
number was observed with the other 2 proto-oncogencs. 

Comparison of gene dose determined by real-time quantitative 
PCR and Southern-blot analysis 

Southern-blot analysis of myc. ccndl and erbBl amplifications 
had previously been done on the same 1 08 primary breast tumors. A 
perfect correlation between the results of real-time PGR and 
Southern blot was obtained for tumors with high copy numbers 
(N £ 5). However, there were cases (1 myc. 6 ccndl and 4 crbB2) 
in which teal -time PCR showed gene amplification whereas 
Southem-biot did not, but these were mainly cases with low extra 
copy numbers (N from 2 to 2.9). 

DISCUSSION 

The clinical applications of gene amplification assays arc 
currently limited, but would certainly increase if a simple, standard- 
ized and rapid meihod were perfected. Gene amplification status 
has been studied mainly by means of Southern blotting, but this 
method is not sensitive enough to detect low-level gene amplifica- 
tion nor accurate enough to quantify the full range of amplification 
values. Southern blotting is also time-consuming, uses radioactive 



TABU I - OlSTIUBUTlON OF AMPLIFICATION UVEL (N) FOR wye. 
CM*// AND crbUl GENES IN 108 HUMAN ASiAST TUMORS 



Cenc 




Amplification level (N) 




<05 


0.5-1.9 7-1.9 


£5 


myc 


0 


97(89.8%) 11 (10.2%) 


0 


ccndl 


0 


83 (76.9%) 17(15.7%) 


8 (7A%) 


C/-6B2 


5 (L6%) 


87(80.6%) 8(7.4%) 


i (7,4%) 



reagents and requires relatively large amounts of high-quality 
genomic DNA, which means it cannot be usod routinely in many 
laboratories. An amplification step is therefore required to deter- 
mine the copy number of a given target gene from minimal 
quantities of tumor DNA (small early-stage tumors, cytopuncture 
specimens or formalin-fixed, pardffin-embedded tissues). 

In this study, we validated a PCR method developed for the 
quantification of gene over-representation in tumors. The method, 
baaed on real-time analysis of PCR amplification, has several 
advantages over other PCR-bascd quantitative assays such as 
competitive quantitative PCR (Celi et aL. 199-4). First, the real-rime 
PCR method is performed in a closed- tube system, avoiding the 
risk of contamination by amplified products. He-amplification of 
carryover PCR products in subsequent experiments can also be 
prevented by using the enzyme uracil N-g]ycosyla$e (UNG) 
(Longo ct at, 1990). The second advantage is the simplicity and 
rapidity of sample analysis, since no post -PCR manipulations are 
required. Our results show that the automated method is reliable. 
We found it possible to determine, in triplicate, the number of 
copies of a target gene in more than 100 tumors per day. Third, the 
system has a linear dynamic range of at least 4 orders of magnitude, 
meaning mat samples do not have to contain equal starting amounts 
of DNA. This technique should therefore be suitable for analyzing 
formalin-fixed, paraffin-embedded tissues. Fourth, and above all, 
real-time PCR makes DNA quantification much more precise and 
reproducible, since it is based on C, values rather than end-point 
measurement of the amount of accumulated PCR product. Indeed, 
the ABI Prism 7700 Sequence Detection System enables Q to be 
calculated when PCR amplification is still in the exponential phase 
and when none of the reaction components is rate-limiting. The 
within-run CV of the Q value for calibrator human DNA (5 
replicates) was always below 5%, and the bctween-assay precision 
in 5 different runs was always below 10% (data not shown). In 
addition, the use of a standard curve is not absolutely necessary, 
since the copy number can be determined simply by comparing the 
C t ratio of the target gene with that of reference genes. The results 
obtained by the 2 methods (with and without u standard curve) are 
similar in our experiments (data no! shown). Moreover, unlike 
competitive quantitative PCR, real-time PCR does not require an 
internal control (the design and storage of internal controls and the 
validation of their amplification efficiency is laborious). 

The only potential disavantagc of real-rime PCR like all other 
PCR-bascd methods and solid-matrix bloning techniques (South- 
era blots and dot blots) is that is cannot avoid dilution artifacts 
inherent in the extraction of DNA from tumor cells contained in 
heterogeneous tissue specimens. Only FLSH and imraunohislcchem- 
iscry can measure alterations on a cell-by-ccll basis (Pauletti et al u 
1996; Slamon et aL 19S9). However, FISH requires expensive 
equipment and trained personnel and is also time-consuming. 
Moreover, FISH does not assess gene expression and therefore 
cannot detect cases in which the gene product is over-expressed in 
the absence of gene amplification, which will be possible in the 
future by real-time quantitative RT-PCR. Immune histochemistry is 
subject to considerable variations in the hands of different teams, 
owing to alterations of target proteins during the procedure, Uie 
different primary antibodies and fixation methods used and the 
criteria used to define positive staining. 

The results of this study are in agreement with those reported in 
the literature, (t) Chromosome regions 4qll-ql3 and 21q21.2 
(which bear alb and app. respectively) showed no genetic alter- 
ations in the breast-cancer samples studied liere, in keeping with 
the results of CGH (Kallioniemi ct aL 1$94). {«) We found that 
amplifications of these 3 oncogenes were independent events, as 
reported by other teams (Bents et aL. 199?,; Borg et aL, 1992). (tit) 
The frequency and degree of myc amplification in our breast tumor 
DNA series were lower ihan those of ccndl and er6B2 amplifica- 
tion, confirming the findings of Borg ct aL (1 992) and Courjal et aL 
(1997). (iv) The maxima tit ccndl and crbBl over-representation 
were LS-fold and 15-fold, also in keeping with earlier results (about 
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Figure 2 - ccndJ and alb gene dosage by real-time PCR in 3 breast tumor samples: TU 8 (Et2, C6 t blaclc squaws), T1 33 (G 11 . B4, red squares) 
and TI45 (A8, C8. blue squares). Given the C t of each sample, the initial copy number is inferred from the standard curve obtained during die same 
experiment. Triplicate plots were performed for each tumor sample, but the data for only one are shown here. The results are shown in Table II. 



30-fold maximum) (Berns et cl. 1 992; Borg er a/.. 1992; Courjal et 
aL 1997). (v) The er6B2 copy numbers obtained with, real-time 
PCR were in good agreement with data obtained with other 
quantitative PCR-bascd assays in terms of the frequency and 
degree of amplification (An et ai. 1995; Deng et ai, 1996; Valeroa 



ct ai. 1996). Our results also correlate well with those recendy 
published by Gelrnini et ai (1997), who used the TaqMan system to 
measure erfcB2 amplification in a small scries of breast tumors 
(n - 25). but with an instnuncru (LS-50B luminescence spectrom- 
eter, Perkm-Elmer Applied Biosystcms) which only allows end- 
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'For each sample, 3 replicate experiments were performed and the mean 
and the standard deviation (SD) was determined The level at ccndl gene 
amplification (Nccndl/alb) is determined by dividing the average ccndl 
copy number value by the average alb copy number value 



point measurement of fluorescence intensity. Here we report myc 
and ccndl gene dosage in breast cancer by means of quantitative 
PCR. (vi) We found a high degree of concordance between 
real- time quantitative PCR and Southern blot analysis in terms of 
gene amplification, especially for samples with high copy numbers 
(2:5-fold). The slightly higher frequency of gene amplification 
(especially ccndl and er6B2) observed by means of reuJ-time v 
quantitative PCR as compared with Souihen>blot analysis may be 
explained by the higher sensitivity of the former method. However, 
we cannot rule out the possibility that some tumors with a few extra 



gene copies observed in real-time PCR had additional copies of an 
arm or a whole chromosome (trisomy, leurasomy or poly&omy) 
rather than true gene amplification. These 2 types of genetic 
alteration (polysemy and gene amplification) could be easily 
distinguished in the future by using an additional probe located on 
the same chromosome arm, but some distance from the target gene. 
Jt is noteworthy that high scne copy numbers have the greatest 
prognostic significance in breast carcinoma (Borg ct al, 1992; 
Slamonerc/., 1987). 

Finally, this technique can be applied to the detection of gene 
deletion as well as gene amplification. Indeed, we found a 
decreased copy number of er&B2 (but not of the other 2 proto- 
oncogenes) in several tumors; erb&2 is locaicd in a chromosome 
region (17q2l) reported to contain both deletions and amplifica- 
tions in breast cancer (Bicchc and Lidcrcau, 1995). 

(n conclusion, gene amplification in various cancers can be used 
as a marker of pre-neoplasia, also for early diagnosis of cancer, 
staging, prognostication and choice of treatment. Southern blotting 
is not sufficiently sensitive, and FISH is lengthy and complex. 
Real-time quantitative PCR overcomes both these limitations, and 
is a sensitive and accurate method of analyzing large numbers of 
samples in a short time. It should find a place in routine clinical 
gene dosage. 
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